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Major fieldwork for this soil. survey was done 
inthe period 1938-40. Soil names and descriptions 
were approved in 1966. Unless otherwise indicated, 
statements in the publication refer to conditions 
in the county in 1965. This survey was made co- 
operatively by the Soil Conservation Service and 
Michigan Agricultural Experiment Station as part 
of the technical assistance furnished to the North 
Muskegon and South Muskegon Soil Conservation 
Districts. 

This published soil survey uses some phases of 


sloping soils and of eroded soils and some names 
of soil series that have been correlated by the Soil 
Conservation Service differently from those used 
earlier by the Soil Conservation Service and the 
Michigan Agricultural Experiment Station. In the 
following, the Michigan Agricultural Experiment 
Station prefers the soil series names that are in 
parentheses: Chelsea (Graycalm), Saranac (Gor- 
mer), Sloan (Pinora), and the loamy substratum 
phase of the Rubicon (Melita). 


HOW TO USE THIS SOIL SURVEY 


HIS SOIL SURVEY of Muskegon County 
ferries information that can be applied in 
managing farms and woodlands; in selecting 
sites for roads, ponds, buildings, or other struc- 
tures; and in appraising the value of tracts of 
land for agriculture, industry, or recreation. 


Locating Soils 


All of the soils of Muskegon County are 
shown on the detailed map at the back of this 
survey. This map consists of many sheets that 
are made from aerial photographs. Each sheet 
is numbered to correspond with numbers shown 
on the Index to Map Sheets. 

On each sheet of the detailed map, soil areas 
are outlined and are identified by symbol. All 
areas marked with the same symbol are the same 
kind of soil. The soil symbol is inside the area 
if there is enough room; otherwise, it is outside 
and a pointer shows where the symbol belongs. 


Finding and Using Information 


The “Guide to Mapping Units” can be used to 
find information in the survey. This guide lists 
all of the soils of the county in alphabetic order 
by map symbol. It shows the page where each 
kind of soil is described, and also the page for 
the capability unit. It also gives the woodland 
suitability group or any other group in which 
the soil has been placed. 

Individual colored maps showing the relative 
suitability or limitations of soils for many spe- 
cific purposes can be developed by using the soil 
map and information in the text. Interpreta- 
tions not included in the text can be developed 
by grouping the soils according to their suit- 
ability or limitations for a particular use. 
Translucent material can be used as an overlay 


over the soil map and colored to show soils that 
have the same limitation or suitability. For ex- 
ample, soils that have a slight limitation for a 
given use can be colored green, those with a 
moderate limitation can be colored yellow, and 
these with a severe limitation can’ be colored 
red. 

Farmers and those who work with farmers 
can Jearn about use and management of the 
soils in the descriptions of the soils and in the 
discussions of the capability units and wood- 
land suitability groups. 

Foresters and others can refer to the section 
“Woodland,” where the soils of the county are 
grouped in a table according to their suitability 
for trees. 

Game managers, sportsmen, and others con- 
cerned with wildlife will find information about 
soils and wildlife in the section “Use of the Soils 
for Wildlife.” 

Community planners and others concerned 
with suburban development can read about the 
soil properties that affect the choice of home- 
sites, industrial sites, schools, and other uses in 
the section “Use of Soils in Community Devel- 
opments.” 

Engineers and builders will find under “Engi- 
neering Uses of the Soils” tables that give engi- 
neering test data for the soils in the county and 
that name soil properties and features that 
affect engineering practices and structures. 

Scientists and others can read about how the 
soils were formed and how they are classified 
in the section “Formation and Classification of 
Soils.” 

Newcomers in Muskegon County may be 
especially interested in the section “General 
Soil Map,” where broad patterns of soils are de- 
scribed. They may also be interested in the 
section “General Nature of the County.” 


Cover Picture: 


Rolling landscape of Nester, Kawkawlin, 
and Sims soils in the southern part of Muskegon County, 
where apples are an important crop. 
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SOIL SURVEY OF MUSKEGON COUNTY, MICHIGAN 


BY KARL E. PREGITZER, SOIL CONSERVATION SERVICE 
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UNITED STATES DEPARTMENT OF AGRICULTURE IN COOPERATION WITH 
MICHIGAN AGRICULTURAL EXPERIMENT STATION 


1 epee COUNTY is in the western part. of the 
Lower Peninsula of Michigan, along the shore of 
Lake Michigan (fig. 1). It has a land area of 322,560 acres, 
or 504 square miles. Muskegon, the county seat and largest. 
city, is in the southwestern part of the county. 

Agriculture is the principal enterprise m Muskegon 
County, and corn, small grains, hay, and fruit are the 
principal crops. Dairy cows and other livestock are kept 
on most farms. Large areas of the county are wooded. 
Recreation is important in the county, especially in areas 
adjacent, to Lake Michigan. 


General Soil Map 


The genera] soi] map at the back of this survey shows, in 
color, the soil associations in Muskegon County. A soil 
association is a landscape that has a distinctive propor- 
tional pattern of soils. It normally consists of one or more 
major soils and at least one minor soil, and it is named for 
the major soils. The soils in one association may occur in 
another, but in a different pattern or proportion. 

A map showing soi] associations is useful to people who 
want a general idea of the soils in a county, who want to 
compare different parts of a county, or who want to know 
the location of large tracts that are suitable for a certain 
kind of farming or other land use. Such a map is not suita- 
ble for planning the management of a farm or field, be- 
cause the soils in any one association ordinarily differ in 
slope, depth, stoniness, drainage, and other characteristics 
that affect’ management. 

The eight soil associations in Muskegon County are de- 
scribed briefly in this section. More information about the 
individual soils in each soil association can be obtained 
from the detailed soil map at the back of this survey and 
from the section “Descriptions of the Soils.” 


1. Rubicon-Croswell-Deer Park Association 


Nearly level to steep, well drained and moderately weil 
drained, sandy soils on outwash plains, beach ridges, and 
dunes 


This association consists of steep sand dunes along Lake 
Michigan and of rolling hills and nearly level plains that 


+ HENRY DierKInaq, Soil Conservation Service, helped prepare this 
section. 


extend inland from the lake. The association covers 38 per- 
cent of the county. 

The Rubicon soils make up 65 percent of this associa- 
tion; the Croswell soils, 20 percent; and the Deer Park 
soils, 5 percent. The remaining 10 percent consists mostly 
of Au Gres and Roscommon soils and organic soils. 

The Rubicon soils occupy the nearly level to rolling up- 
lands. Croswell soils are in nearly level to gently sloping 
areas in which the water table is near the surface during 
wet, periods. Deer Park soils occupy the sand dunes along 
Lake Michigan. The Au Gres soils are somewhat poorly 
drained and sandy, and the Roscommon soils are poorly 
drained and sandy. 


GRAND RAPIDS °S 


* State Agricultural Experiment Station 


Figure ?.—Location of Muskegon County in Michigan. 
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2 SOIL SURVEY 


The most droughty and sandy soils in the county are in 
this association. In these soils sand extends to a depth of 
4 feet or more. Available moisture capacity and natural 
fertility are low, and soil blowing is likely in cultivated 
areas. In many areas where soil blowing has been severe, 
practices are needed for stabilizing the soil. 

The soils of this association originally supported a dense 
pine forest that was almost completely harvested by 1900, 
Except for the dunes along Lake Michigan, much of the 
area was cleared for farming. Because soil blowing was 
severe and productivity was low, the soils were soon aban- 
doned. The cutover woodland was repeatedly swept by fire. 
Areas that were not planted were taken over by scrubby 
black and white oaks. Because fire control has been im- 
proved, these areas now have a dense understory of 
naturally reproduced white pine. Releasing this white pine 
by thinning is a much needed management practice. 

This soil association is one of the best in the county for 
recreational and community development. In it are the 
city of Muskegon and its subdivisions. Sites for houses and 
other buildings are generally good. The soils provide good 
foundations for buildings, highways, and other structures. 
Tourists and residents, especially in the dune area, enjoy 
many miles of scenery. Foot and horse trails extend 
through this association, and there are many camps and 
parks. Private and public ‘holdings are rapidly being con- 
verted to wildlife and recreational areas. Scout. camps, 
public parks, and other recreational facilities are numerous 
and cover approximately 50,000 acres. 


2. Rubicon-Au Gres-Roscommon Association 


Gently sloping, well-drained and poorly drained, sandy 
soils on outwash plains and uplands 


This association consists of sloping, dry sands intermin- 
gled with dark-colored wet sands that lie at the base of 
slopes and in depressions. The association is less sloping 
than association 1. It occupies 17 percent of the county. 

The Rubicon soils make up 35 percent of this association ; 
the Au Gres soils, 25 percent; and the Roscommon soils, 
25 percent. The remaining 15 percent consists of Granby, 
Saugatuck, and Tawas soils. 

The well-drained Rubicon soils occupy the sloping areas. 
The somewhat poorly drained Au Gres soils are generally 
less sloping than the Rubicon soils and are lighter colored 
than the Roscommon soils, The Roscommon soils are in 
depressions and are poorly drained. Also in this associa- 
tion are dark-colored, wet fine sands that contain thin 
lenses of clay. 

Although the soils are poor for farming, more farms 
are located in this association than in association 1. The 
farms are generally in the wetter areas of dark-colored 
soils. The farms generally range from 20 to 160 acres. 

The soils in this association, like those in association 1, 
were cleared of trees and farmed, were severely damaged 
by soil blowing, and were abandoned. Because they con- 
tained more moisture than the soils in association 1, they 
were not abandoned so soon. After the logging period, 
nearly all farms in association 2 consisted of « combination 
of Rubicon, Au Gres, and Roscommon soils. The dry, 
sloping Rubicon soils were planted largely to grape vine- 
yards and orchards, and the wetter Au Gres and Roscom- 
mon soils were used for general crops. The vineyards and 


orchards did not last long, because they could not with- 
stand the frost, drought, erosion, and low fertility. Some 
of the worst wind-eroded areas in the county were these 
old vineyards and orchards and tracts of Rubicon soils. 
Blowouts, 5 to 10 feet deep, appeared on many of the dry 
sand ridges. In Sullivan Township, a blowout area of 2,000 
acres was widely known as Sullivan Sahara. 

People are moving back into the abandoned areas, 
are building new homes on the better drained sites, and 
are farming part time on a small scale. Under irrigation, 
small fruits, vegetables, ornamental plants, and other spe- 
cialized crops are grown. These crops are planted mainly 
in the wetter areas of Au Gres and Roscommon soils. 
Shallow wells and ponds of the pit type supply a limited 
amount of irrigation water. Wildlife is benefited by the in- 
termixing of small part-time farms, idle fields, and wooded 
areas. The soils in this association are suited as woodland 
and for community developments, limited farming, and 
recreation. 


3. Au Gres-Roscommon-Granby Association 


Nearly level and slightly depressional, poorly drained, 
sandy soils on outwash plains, uplands, and lake plains 


This association consists of nearly level and depressional 
areas on outwash and lake plains and on low benches in 
old river channels and lakes. It consists mainly of wet 
sands, whereas association 1 consists of dry sands and as- 
sociation 2 consists of both wet and dry sands. A few areas 
of well-drained sands occur in association 3, and some of 
the more poorly drained areas have a cemented layer in the 
subsoil. The association covers 16 percent of the county. 

The Au Gres soils make up 35 percent of this associa- 
tion; the Roscommon soils, 30 percent; and the Granby 
soils, 25 percent. The remaining 10 percent consists mainly 
of the Saugatuck, Deford, and Tawas soils. 

The soils in this association have a high water table. In 
the Roscommon and Granby soils, the water table remains 
near the surface during much of the year, and in the Au 
Gres soils it is near the surface during wet periods. Granby 
soils have a thicker surface layer and are less acid than 
Roscommon soils. 

The soils in this association are Jow in natural fertility 
and commonly are poor for farming. Farming is generally 
limited to blueberries and other special crops and to truck 
crops grown under irrigation. General farm crops grow 
poorly because the soils are cold and wet, and in low areas, 
crops are susceptible to damage by early frost. Drainage 
is difficult because adequate outlets are lacking. Trees are 
abundant in this association, but they generally grow 
slowly and are of low quality. Reforestation is limited 
mainly to Christmas tree plantations on the better drained 
Au Gres soils. 

Some houses are being built in this association, but the 
soils generally have severe limitations as homesites. The 
high water table restricts the proper functioning of sew- 
age disposal systems. Sewage effluent sometimes pollutes 
shallow wells because it is not adequately filtered by these 
porous soils. This association is probably best adapted to 
open areas for recreation, such as hunting and nature 
study. Wildlife is abundant because native plants furnish 
an ample supply of food and cover. 
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4, Nester-Ubly-Sims Association 


Gently sloping to hilly, well drained, moderately well 
drained, and poorly drained, loamy soils on lake plains and 
uplands 


This association is in the southeastern and northwestern 
parts of the county. In most places it is gently sloping to 
rolling, but some of the steepest. slopes and the highest 
elevations in the county occur in this association. The 
soils are finer textured and more fertile than those of 
associations 1, 2, and 3. This association covers 8 percent 
of the county. 

The Nester soils make up 45 percent of this association ; 
the Ubly soils, 20 percent; and the Sims soils, 20 percent. 
Most of the remaining 15 percent consists of Kawkawlin 
and Belding soils. 

The well drained and moderately well drained Nester 
and Ubly soils occupy the steepest areas, and the poorly 
drained, fertile Sims soils occupy the lower slopes and 
basins between the slopes. The Ubly soils are coarser tex- 
tured in the upper part of the profile than the Nester soils. 
The somewhat poorly drained Kawkawlin and. Belding 
soils lie along the lower margins of the slopes. 

The soils of this association are well suited to general 
farming. Most of the livestock are on dairy farms, but 
there are also poultry farms and beef-cattle farms. Corn, 
small grains, and hay are the main cultivated crops. Much 
of the association, especially that at. the higher sites, is in 
orchards, for here air drainage is good. Apples and 
cherries are the main orchard crops, but peaches, pears, 
and plums also are grown. 

Because water erosion is « serious hazard in the rolling 
areas, it is essential that a suitable cropping system is 
selected and that practices for conserving soil and water 
are used. Among these practices are contour farming and 
stripcropping. Where contour farming is not practical, 
these soils are farmed across the slope and a good crop- 
ping system is used. 

Practically all orchards have a permanent. cover of a 
sod crop. Chewing fescue is commonly used. In some 
orchards, the trees are planted on the contour. Other 
orchards are terraced or are designed and managed in 
other ways for controlling erosion. 

The soils in this association produce high-quality hard- 
woods. Nearly every farm has a small woodlot 5 to 20 
acres ‘in size. Wildlife that inhabit open farmland is 
abundant in this association. This association has many 
miles of scenery and attracts many visitors. 


5. Belding-Allendale-Rubicon Loamy 
Substratum-Montcalm Association 


Nearly level and gently sloping, poorly drained and well- 
drained, loamy and sandy soils on lake plains 


This association lies between the fertile clay uplands 
and the sandy lake plain. It is generally nearly level to 
gently sloping, but it is broken in places by short, steep 
slopes that acjoin depressions and old glacial drainage- 
ways. This association occurs in a small area in the north- 
western corner of the county, and in a much larger area 
in the southeastern part. It covers about 4 percent of the 
county. 


The Belding soils make up 25 percent of this associa- 
tion; Allendale soils, 25 percent; Rubicon soils that have 
a loamy substratum, 15 percent; and Montcalm soils, 15 
percent. Most of the remaining 20 percent consists of Nes- 
ter, Au Gres, and Tonkey soils. ; 

The Belding soils are somewhat poorly drained, are 
nearly level to gently sloping, and underlain by clay Joam 
glacial till at. a depth of about 30 inches. The Allendale 
soils are similar to the Belding soils but are sandier in 
the upper part and are underlain by lake-laid clays at a 
depth of 18 to 42 inches. The Rubicon soils that have a 
loamy substratum are well drained, are sandy to a depth 
ranging from 42 to 66 inches, and have clay loam to clay 
material below that depth. The well-drained Montcalm 
soils are sandy to a depth of 5 feet or more. The Nester 
soils have finer textured material within a depth of 18 
inches, and the somewhat poorly drained Au Gres soils are 
sandy toa depth of 5 feet or more. 

Farms in this association are mainly of the general type. 
Corn, small grains, and hay are the main crops, but beans, 
cucumbers, and other crops are also grown, Natural fertil- 
ity is medium. The wet soils need artificial drainage, and 
the well-drained areas need moisture during prolonged dry 
periods. To improve drainage, supply water for irrigation 
and livestock, and control erosion, farmers use tile and 
open ditches, pit-type ponds, and field striperopping. 

Much of the association is in mixed hardwoods. The 
wetter sites support. mostly red maple, poplar, and elm. 
The well-drained Rubicon and Montcalm soils produce 
red oak, white oak, basswood, hickory, and largetooth 
aspen. Careful management of woodland is needed in this 
association. 


6. Montcalm-Nester-Belding-Kawkawlin 
Association 


Gently sloping to rolling, somewhat poorly drained and 
well-drained, sandy and loamy soils on lake plains, out- 
wash plains, and glaciated uplands 


This association is made up of sloping to rolling uplands 
in the southeastern, northeastern, and northwestern parts 
of the county. It covers about 9 percent of the county. 

Montcalm soils make up about 25 percent of this associa- 
tion; Nester soils, 20 percent; Belding soils, 20 percent; 
and Kawkawlin soils, 10 percent. The remaining 25 percent 
consists mostly of Rubicon soils that have a loamy sub- 
stratum, and of Sims and Menominee soils. 

The texture of the surface layer of the soils in this 
association ranges from moderately heavy clay loam to 
light loamy sand within short distances. In depressions 
and other low positions are the somewhat poorly drained 
Belding and Kawkawlin soils and the poorly drained Sims 
soils. Rubicon ‘soils that. have a loamy substratum are in 
well-drained sandy areas and are underlain by clay loam 
at a depth of 42 to 66 inches. Montcalm soils are deep and 
occur in the sandy uplands. The Nester soils are moderately 
fine textured. 

The soils of this association are used mainly for general 
farming. A few sites are suitable for fruit orchards. The 
main crops are corn, small grains, and pickling cucumbers. 
Dairy herds of 25 to 100 cows graze throughout this 
association. 
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The soils of this association are susceptible to erosion. 
Practices used.to control erosion are stripcropping, contour 
farming, use of field strips, and use of sodded waterways. 

In the Montague-Whitehall area, near Lake Michigan, 
farmland is rapidly being converted to golf links, riding 
trails, and camping areas. Also, communities are being 
developed. The larger farms are being subdivided into 
farms 5 to 25 acres in size. Generally, these small farms 
are operated by part-time farmers who are employed in 
the greater Muskegon area. 

Most farms in this association have woodlots 10 to 20 
acres in size in which good-quality mixed hardwoods grow. 
Also, food and cover for wildlife are abundant, and wild- 
life is plentiful. 


7, Carlisle-Tawas Association 


Nearly level and depressional, poorly drained peats and 
mucks 


This association consists of depressional areas along the 
major streams, old drainageways, and small embayments 
of Lake Michigan. The soils were derived mainly from 
plant remains, but some mineral soils oceur. The associa- 
tion covers about 6 percent of the county. 

Carlisle soils make up about 35 percent of the associa- 
tion, and Tawas soils make up 25 percent. The remaining 
40 percent consists mostly of Saranac and Sloan soils. 

The organic material is more than 42 inches thick in the 
Carlisle soils and less than 42 inches thick in the Tawas 
soils. The underlying material is generally sandy, though 
in a few places it consists of marl or loamy material. The 
Saranac and Sloan soils are mineral soils on bottom lands 
and are medium textured to fine textured. 

The organic soils are used for general farming or 
specialized farming. General farms normally include some 
mineral soils on uplands, but drained areas of organic soils 
are used for corn and other general crops. Cleared, un- 
drained areas are pastured. 

Celery and onions are the two main special crops. Most, 
celery farms are near the mouths of the White River, the 
Muskegon River, and Black Creek. Celery farms are 
smaller than onion farms and generally range from 5 to 50 
acres in size, though a few are larger than 50 acres. Celery 
is grown almost exclusively on these farms. 

Onion farms are concentrated farther inland. The Moor- 
land muck area, which is concentrated in sections 11, 12, 
18, and 14 of Moorland Township, specializes in onions, 
but. other crops are also grown. Among these are carrots 
and peppermint and smal] acreages of lettuce, spinach, and 
melons. 

Nearly all organic farms along Lake Michigan are diked 
against seasonal flooding. All cultivated fields are drained 
artificially by tile and open ditches. Nearly all diked areas 
and many other areas depend on pumps for drainage. 
Where possible, open ditches are rapidly being replaced 
by tile. Irrigation is common on the muck farms and may 
be overhead by means of sprinklers or underground by 
control of the water table. 

Most of the better muck and peat areas have been cleared 
and developed for crops. The undeveloped areas remain 
wooded. A large part of the valley of the Muskegon River 
that cludes both organic and mineral soils is being con- 
sidered for development as recreational and wildlife areas. 


Soil blowing is the major concern in organic areas. 
Common practices used against soil blowing are establish- 
ing windbreaks, planting cover crops, using minimum 
tillage, and controlling the water table. Most inland farms 
that specialize in onions mainly use windbreaks of willows 
and narrow bands of rye for controlling erosion. Fewer 
windbreaks are used in muck areas along Lake Michigan. 
There, erosion is controlled by maintaining a high water 
table and planting strips of rye. 

Adequate dramage is required for nearly all crops, 
though drains are difficult to maintain. Because of their 
location and moisture content, these soils are subject, to 
damage by frost. The available moisture capacity is high, 
but naturally fertility is low. Complete and expensive fer- 
tilizer programs are needed for specialty crops. Drained 
organic soils are likely to erode, subside, and decompose. 
Unless careful management is followed, the organic de- 
posit soon may be depleted and the underlying material 
exposed. 


8. Selkirk-Kent-Kawkawlin Association 


Nearly level and gently sloping, poorly drained, moder- 
ately well drained, and well drained, loamy soils on lake 
plains 


This association is on a nearly level to gently sloping 
area of the lake plain in the extreme northeastern part of 
the county. Slopes are generally Jong and gradual, but. 
some short steeper slopes occur along breaks to drainage- 
ways. This association covers about 2 percent. of the county. 

The Selkirk soils make up about 30 percent of this asso- 
ciation; the Kent soils, 25 percent; and the Kawkawlin 
soils, 25 percent. The rest of the association consists mostly 
of Allendale, Hettinger, and Ogemaw soils. Most of the 
soils in this asociation are fine textured, but there are some 
very fine sands and some silty soils. ‘The Kent soils are on 
short steep slopes and are fine textured and moderately 
well drained. 

This association is suitable for dairy farming and gen- 
eral farming. The soils are naturally fertile and produce 
favorable yields if drainage is adequate and management 
is good. Because adequate outlets are available, artificial 
drainage is not difficult. 

This association consists mostly of open cropland, but. 
there are a few woodlots and, near Brunswick, a few or- 
chards at the higher elevations. Maintenance of good soil 
structure is needed for continued above-average yields. 
Practices needed on the soils of this association are tillage 
at a minimum and at the right time, return of crop res- 
idues, artificial drainage, maintenance of fertility, and 
selection of a good cropping system. 


How This Survey Was Made 


Soil scientists made this survey to learn what kinds of 
soils are in Muskegon County, where they are located, and 
how they can be used. 

They went into the county knowing they likely would 
find many soils they had already seen, and perhaps some 
they had not. As they traveled over the county, they ob- 
served steepness, length, and shape of slopes; size and 
speed of streams; kinds of native plants or crops; kinds 
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of rock; and many facts about the soils. They dug many 
holes to expose soil profiles. A profile is the sequence of 
natural layers, or horizons, in a soil; it extends from the 
surface down into the parent material that has not been 
changed much by leaching or by roots of plants. 

The soil scientists made comparisons among the profiles 
they studied, and they compared these profiles with those 
in counties nearby and in places more distant. They classi- 
fied and named the soils according to nationwide, uniform 
procedures. To use this survey efficiently, it is necessary to 
know the kinds of groupings most used in a. local soil 
classification. 

Soils that have profiles almost alike make up a soil series. 
Except for different texture in the surface layer, all the 
soils of one series have major horizons that are similar in 
thickness, arrangement, and other important characteris- 
tics. Each soil series is named for a town or other geo- 
graphic feature near the place where a soil of that series 
was first observed and mapped. Au Gres and Rubicon, 
for example, are the names of two soil series. All the soils 
in the United States having the same series name are es- 
sentially alike in those characteristics that go with their 
behavior in the natural, untouched landscape. Sotls of one 
series can differ somewhat. in texture of the surface soil 
and in slope, stoniness, or some other characteristic that 
affects use of the soils by man. 

Many soil series contain soils that differ in texture of 
their surface layer. According to such differences in tex- 
ture, separations called soil types are made. Within a 
series, all the soils having a surface layer of the same tex- 
ture belong to one soil type. Nester loam and Nester sandy 
loam are two soil types in the Nester series. The difference 
in texture of their surface layers is apparent from their 
names, 

Some types vary so much in slope, degree of erosion, 
number and size of stones, or some other feature affecting 
their use, that practical suggestions about their manage- 
ment could not be made if they were shown on the soil map 
as one unit. Such soil types are divided into phases. The 
name of a soil phase indicates a feature that affects man- 
agement. For example, Nester loam, 6 to 12 percent slopes, 
is one of several phases of Nester loam, a soil type that 
ranges from nearly level to rolling. 

After a guide for classifying and naming the soils had 
been worked out, the soil scientists drew the boundaries 
of the individual soils on aerial photographs. These 
photographs show woodlands, buildings, field borders, 
trees, and other details that greatly help in drawing 
boundaries accurately. The soil map in the back of this 
survey was prepared from the aerial photographs. 

The areas shown on a soil map are called mapping units. 
On most maps detailed enough to be useful in planning 
management of farms and fields, » mapping unit is nearly 
equivalent to a soil type or a phase of soil type. It is not 
exactly equivalent, because it 1s not practical to show on 
such a map all the small, scattered bits of soil of some 
other kind that have been seen within an area that is domi- 
nantly of a recognized soil type or soil phase. As much as 
15 percent of a mapping unit may consist of other kinds 
of soil. The mapping unit is generally named for the soil 
or soils that make up most of the area. 

In preparing some detailed maps, the soil scientists have 
a problem of delineating areas where different kinds of soils 
are so intricately mixed; and so small in size that it is not 


practical to show them separately on the map. Therefore, 
they show this mixture of soils as one mapping unit and 
call it a soil complex. Ordinarily, a soil complex is named 
for the major kinds of soil in it, for example, Au Gres- 
Saugatuck sands, 0 to 6 percent slopes. 

Another kind of mapping unit is the undifferentiated 
soil group, which consists of two or more soils not separated 
on the map because differences among them are small or 
they are too difficult to delineate. An example is Belding 
and Allendale soils, 0 to 6 percent slopes. Also, on most sot! 
maps, some areas are shown that are so rocky, so shallow, 
or so frequently worked by wind and water that they 
cannot be classified by soil series, These areas are shown 
on a soil map like other mapping units, but they are given 
descriptive names, such as Lake beaches or Marsh, and are 
called land types. 

While a soil survey is in progress, samples of soils are 
taken, as needed, for laboratory measurements and for 
engineering tests. Laboratory data from the same kinds 
of soils in other places are assembled. Data on yields of 
crops under defined practices are assembled from farm rec- 
ords and from field or plot experiments on the same kinds 
of soils. Yields under defined management are estimated 
for all the soils. 

But only part of a soil survey is done when the soils 
have been named, described, and delineated on the map, 
and the laboratory data and yield data have been as- 
sembled. The mass of detailed information then needs to 
be organized in a way that it is readily useful to different 
groups of readers, among them farmers, ranchers, man- 
agers of woodland, engineers, and homeowners. Grouping 
soils that are similar in suitability for each specified use 
is the method of organization commonly used in the soil 
surveys. On basis of the yield and practice tables and other 
data, the soil scientists set up trial groups, and test these 
by further study and by consultation with farmers, agrono- 
mists, engineers, and others. The scientists then adjust the 
groups according to the results of their studies and con- 
sultation. Thus, the groups that are finally evolved reflect 
up-to-date knowledge of the soils and their behavior under 
present methods of use and management. 


Descriptions of the Soils 


This section describes the soil series and mapping units 
of Muskegon County. The acreage and proportionate ex- 
tent of each mapping unit are given in table 1. 

The procedure in this section is first to describe the soil 
series and then to give, in small print, a profile cescrip- 
tion representative of the series, the range of soil charac- 
teristics within the series, and a comparison with soils of 
other series. Next, in larger print, are the descriptions 
of the mapping units within the series. The farmer and 
general reader probably will be interested only in the ma- 
terial in larger print, or the descriptions of the series and of 
the mapping units. The soil scientists and others who re- 
quire more information need to read this material and 
the material in finer print as well. 

As mentioned in the section “How This Survey Was 
Made,” not all mapping units are members of soil series. 
Blown-out land, 0 to 6 percent slopes, and 6 to 50 percent 
slopes, Dune lind, Lake beaches, Marsh, and Wind eroded 
land, sloping, are miscellaneous land types and do not be- 
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TaBLe 1.—Approximate acreage and proportionate extent of soils 


Soil 


Soil 

Au Gres-Saugatuck sands, 0 to 6 percent slopes. | 30, 320 9.4 
Belding and Allendale soils, 0 to 6 percent slopes_ 5, 797 1.8 
Belding- Ubly sandy loams, 2 to 6 percent slopes_ 2, 495 .8 
Blown-out land, 0 to 6 percent slopes.__.___-_- 4, 585 14 
Blown-out land, 6 to 50 percent slopes_.-._-.--- 2, 747 .9 
Chelsea-Mancelona loamy sands, 2 to 6 percent 

plopesin 2 ee le To ol oh ee ee oe, 808 .3 
Chelsea-Mancelona loamy sands, 6 to 12 percent 

slOpeS.. 23 see htt ek ons 364 1 
Chelsea and Montcalm sands, 12 to 25 percent 

slopes=. > 2203 eee eee ee cet 656 .2 
Chelsea and Montcalm sands, 25 to 45 percent 

slopess se 252 ot IE IN eS Pasi ene 802 13 
Croswell and Au Gres sands, 0 to 6 percent 

slopesi cc. Sse se le ec eee 30, 219 9.4 
Deer Park fine sand, 12 to 50 percent slopes-_- _-_ 811 £3 
Deford fine sand..___.---------------------- 1, 907 .6 
Dune land. 2.22.23 .22c2es ecw netetesncsce 812 13 
Granby loamy sand__-_--- Se Gui e eae view anti 4, 929 1.5 
Grayling-Rubicon sands, 6 to 12 percent slopes_ 7, 360 2.3 
Grayling- Rubicon sands, 12 to 25 percent slopes_ 9, 883 3.1 
Grayling- Rubicon sands, 25 to 45 percent slopes” 8, 873 2.7 
Hettinger and Pickford soils_______--_-------- 1, 383 .4 
Houghton peat and muck______-__--_--_----- 1, 182 oe 
Kalkaska- Wallace sands, 2 to 6 pereent slopes-_- 511 ol 
Kawkawlin loam, 0 to 2 percent slopes_-_---_-- 950 £3 
Kawkawlin loam, 2 to 6 percent slopes__-__..-- 941 .3 
Kawkawlin and Selkirk loams, 0 to 2 percent 

slOPGS- 2 2heue- use tsete Sep seoke ec hee 1, 155 13 
Kawkawlin and Selkirk loams, 2 to 6 percent 

slopes.-22. eso ce Sos bs Se eee ee en 1, 021 3 
Kent silt loam, 25 to 45 percent slopes__------- 206 Jl 
Kerston muck____--.-.--------------------- 1 
Lake ‘beaches =< .-22en5 cscs reece lee eecaeks 
Marsh us.cssccecscseu csc cuseneteteicedioass 3 


1 Less than 0.05 percent. 


long to a soil series; nevertheless, they are listed in alpha- 
betic order along with the series. 

Following the name of each mapping unit, there is a 
symbol in parentheses. This symbol identifies the mapping 
unit on the detailed soil map. Listed at the end of each 
description of a mapping’ unit are the capability unit fol- 
lowed by the: management group in parentheses, woodland 
suitability group, wildlife suitability group, and com- 
munity development group in‘which the mapping unit had 
been placed. The page on which each capability unit is 
described can be found by referring to the “Guide to Map- 
ping Units” at the back of this survey. 

In the description of the soil series and of the map- 
ping units, terms for structure, consistence and other 
soil properties are used. Some of these terms require 
explanation. 

tructure is the arrangement of soil particles into 
aggregates, or clusters, that are separated in the soil mass 
from adjoming aggregates. The shape of these aggre- 
gates are described by terms such as granular, angular 
blocky, and subangular blocky. 

Terms for consistence denote the feel of the soil and 
the ease with which a lump can be crushed by the fingers. 
Common terms of consistence are loose, friable, plastic, 
and firm. Consistence is given for a dry, wet, or moist 
material. Unless otherwise specified, the consistence given 
in this survey is for a moist material. 


Menominee and Ubly soils, 2 to 6 percent slopes. 2, 604 0.8 
Menominee and Ubly soils, 6 to 12 percent 

SlOPES-ocdan ess et Osos eters eet cece seed is 184 wi: 
Montcalm and Chelsea soils, 2 to 6 percent slopes 913 3 
Nester loam, 2 to 6 percent slopes_____._.-_--- 9, 028 4.8 
Nester loam, 6 to 12 percent slopes..-_.-.-__-- 1, 730 5 
Nester sandy loam, 6 to 12 percent slopes. __-_- 547 22 
Nester soils, 12 to 25 percent slopes.___-.---_- 976 3 
Nester soils, 12 to 25 percent slopes, severely 

eroded :-. opel seas ee tetessecosseese eed 167 1 
Nester soils, 25 to 45 percent slopes____--.---- 497 1 
Nester soils, 25 to 45 percent slopes, severely 

eroded..._----. (oa ities arlene n NT en ae 220 .1 
Nester-Kawkawlin loams, 2 to 6 percent slopes. 2,712 .8 
Nester- Ubly sandy loams, 2 to 6 percent slopes_ 14, 219 4.4 
Ogemaw loamy sand, 0 to 6 percent slopes- - --- 289 al 
Roscommon and Au Gres sands...--_--------- 29, 949 9, 3 
Rousseau fine sand, 0 to 6 percent slopes. __-__- 755 2 
Rubicon sand, 0 to 6 percent slopes______----- 71, 106 21.9 
Rubicon sand, 6 to 25 percent slopes__._-_.._. 1, 441 :4 
Rubicon loamy substratum and Montcalm soils, 

0 to 6 percent slopes.-....-___.----------- 4, 592 1.4 
Rubicon loamy substratum and Montcalm soils, 

6 to 12 percent slopes........._-..__.-.-_-. 173 Jl 
Saranac loam_._.__.----------------- i sete 4, 309 1.3 
Sims loam__.__-_.--.--.-------------------- 1, 273 .4 
Sloan soils Ae ae ae wera ee 4, 912 1.5 
Sparta sand, 0 to 2 percent slopes___...--.--- 677 .2 
Tawas and Carlisle mucks.__......-.-------- 5, 826 1.8 
Tonkey and Deford soils_________.___- eames oe 4, 725 1.5 
Warners muck..---..---.------------------ 212 #1 
Wind eroded land, sloping. __--_------------- 687 .2 

Urban, built up, and miscellaneous _ _-_-__. 26, 100 8.1 
Totalios.Sen Sits oct eeos es eee 322, 560 100. 0 
ER oh Bee ute | 


Terms for available moisture capacity denote the abil- 
ity of a soil to hold water that plants can use, Low, moder- 
ate, and high are examples of terms used to indicate avail- 
able moisture capacity. : 

Other terms used in this survey are defined in the Glos- 
sary, and some of them are explained in detail in the “Soil 
Survey Manual”(9)? 


Allendale Series 


The Allendale series consist of somewhat poorly drained 
sandy soils that are underlain by silty clay or clay at a 
depth of 18 to 42 inches. These soils occur in lake plain 
areas and are nearly level to undulating. They are mostly 
in the northeastern and south-central parts of ‘the county. 
The native vegetation consisted of mixed lowland hard- 
woods and conifers. Red maple, elm, ash, and birch were 
the main trees, but there were small amounts of white pine 
and. hemlock. 

The surface layer of these soils is very dark gray 
loamy sand about 3 inches thick. It has granular structure 
and is very friable. The subsurface layer is about 7 mches 
thick and consists of gray loamy sand that has many dark- 
gray mottles. It has subangular blocky structure and is 
very friable. 


7 Italic numbers in parentheses refer to Literature Cited, p. 89. 
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The subsoil is mainly sand. It is strong brown in the 
upper part and yellowish brown and brown in the lower 
part. The subsoil is mottled with yellowish-brown specks, 
which are most numerous in the lower part. The subsoil 
is mainly granular and is loose or very friable, 

Below the subsoil, at a depth of about 40 inches, is 
brown silty clay that has many gray and yellowish-brown 
mottles. It has angular blocky structure, is very firm, and 
is calcareous. 


The Allendale soils are permeable to air and water above 
the clayey layer, but. water moves very slowly through this 
layer. Artificial drainage is needed because these soils are 
naturally wet. Mottles in the subsoil indicate extended 
periods of saturation. These soils are moderately low in 
natural fertility and, where drained, are moderately low 
in available moisture capacity. They are used for general 
farm crops. 

In this county Allendale soils are mapped only with 
Belding soils in an undifferentiated unit. 


A typical profile of Allendale loamy sand in SWYSEY, 
NW, sec. 29, T. 9 N., R. 15 W.: 


A1—O to 3 inches, very dark gray (10YR 3/1) loamy sand; 
weak, fine, granular structure; very friable; slightly 
acid; abrupt, wavy boundary. 

A2—3 to 10 inches, gray (10YR 6/1) loamy sand that has 
many, medium, distinct mottles of dark gray (10Y¥R 
4/1); very weak, fine, subangular blocky structure; 
very friable; medium acid; clear, irregular boundary. 

B21ir—10 to 17 inches, strong-brown (7.5YR 5/6) sand that 
has few, medium, faint mottles of yellowish brown 
(10YR 5/8) ; single grain; loose; medium acid; clear, 
wavy boundary. : 

B22ir—17 to 24 inches, strong-brown (7.5YR 5/8) sand that 
has few, medium, distinct mottles of light yellowish 
brown (10YR 6/4) ; single grain; loose ; medium acid; 
clear, irregular boundary. 

B23ir—24 to 30 inches, yellowish-brown (10YR 5/8) loamy 
sand that has many, medium, faint mottles of light 
yellowish brown (10YR 6/4); very weak, medium, 
subangular blocky structure; very friable; slightly 
acid; clear, smooth boundary. 

B38—30 to 40 inches, brown (10YR 5/3) sand that has many, 
medium, distinct mottles of yellowish brown (10YR 
5/6) ; single grain; loose; neutral; abrupt, smooth 
boundary, 

TIC—40 to 60 inches +, brown (7.5YR 5/4): silty clay that 
has many, medium, distinct mottles of gray (10YR 
6/1) and yellowish brown (10YR 5/8); strong, me 
dium, angular blocky structure; very firm; calearcous. 


In cultivated areas of Allendale soils ‘the surface layer is a 
mixture of the original surface soil and the subsurface layer. 
It is very dark gray and about 8 inches thick. In some places 
the subsoil contains chunks of cemented sand. The underlying 
material is clay or silty clay. In a fairly large area of the lake 
plain a thin layer of sandy material has been deposited over 
lake-laid clay. 

Allendale soils have a coarser textured subsoil and finer 
textured underlying material than the Belding soils. Allendale 
soils lack the cemented layer that is present in the subsoil of 
the Saugatuck soils. 


Au Gres Series 


The Au Gres series consists of somewhat poorly drained 
soils that developed in sandy outwash at. least 66 inches 
deep. The Au Gres are some of the most, extensive soils 
in the county. They occupy large areas in the western part 
and occur locally throughout. These soils are common in 
the wetter parts of outwash areas and lake plains and on 
the low benches along old river channels and near lakes. 


The native vegetation consisted of white pine and hemlock 
and of mixed hardwoods, including aspen, birch, elm, ash, 
and to some extent, red maple. 

The surface layer in uncultivated areas is about 5 inches 
thick and consists of black sand that has granular struc- 
ture and is very friable. The subsurface layer is light-gray 
sand that is about 6 inches thick and has subangular 
blocky structure. 

The subsoil consists of brownish sand mottled with light 
yellowish brown. It is subangular blocky to single grain 
and very friable in the upper part and loose in the lower 
part. 

Underlying the subsoil, at a depth of about 34 inches, is 
very pale brown sand mottled with light yellowish brown. 
It is single grain and loose. 

The Au Gres soils are very permeable to water and have 
low available moisture capacity and natural fertility. Mot- 
tles indicate periodic wetness. During spring free water is 
often within 2 or 3 feet of the surface, but this water 
recedes during summer, and for extended periods there is 
not enough moisture available to crops. Drainage is diffi- 
cult because these soils are sandy. Overdrainage and 
droughtiness are likely. 

Most areas of these soils are idle or are used for pasture. 
Some areas remain wooded, and some are used for blue- 
berries, cucumbers, and other special crops. 

A typical profile of Au Gres sand in SW1Y4S WI, sec. 12, 
T. 11 N., R.16 W., Dalton Township: 


A1—0 to 5 inches, black (1OYR 2/1) sand; very weak, medium, 
granular. structure; very friable; strongly acid; 
abrupt, irregular boundary. 

A2—5 to 11 inches, light-gray (10YR 7/2) sand; very weak, 
medium, subangular blocky structure; very friable; 
strongly acid ; abrupt, irregular boundary. 

B21ir—11 to 18 inches, brownish-yellow (1OYR 6/8) sand that 
has many, medium, faint mottles of light yellowish 
brown (10¥R 6/4) ; weak, coarse, subangular blocky 
structure; very friable; strongly acid; clear, irregu- 
lar boundary. 

B22ir—18 to 34 inches, brownish-yellow (1OYR 6/6) sand that 
has common, coarse, faint mottles of light yellowish 
brown (10YR 6/4) ; single grain; loose; medium acid; 
gradual, wavy boundary. 

C—34 to 60 inches +, very pale brown (10YR 7/3) sand that 
has common, medium, distinct mottles of light yellow- 
ish brown (10YR 6/4); single grain; loose; medium 
acid. 


The surface layer is sand or loamy sand, but the other soil 
layers are sand in almost all places. On the surface of some 
undisturbed areas is a thin layer of partly decomposed, very 
strongly acid organic material. In some places the subsoil con- 
tains enough organic material to impart a loamy feel. In some 
areas the subsoil contains weakly cemented chunks of hardpan. 
The mottling in the subsoil is a result of a high water table 
during part of the year. These soils range from very strongly 
acid to slightly acid. : 

Au Gres soils have a thinner and less well developed subsoil 
than the Saugatuck soils. They are more poorly drained and 
more highly mottled than Croswell soils but are better drained 
and not so gray as Roscommon soils. 


Au Gres-Saugatuck sands, 0 to 6 percent slopes 
(AsB).—Au Gres sand and Saugatuck sand were mapped 
together in this complex because they occur in such an 
intricate pattern that it was not practical to map the sep- 
arate areas of each soil, Each of these soils has a profile 
similar to the one described for its respective series. These 
soils occur throughout the sandy parts of the county. They 
are most extensive on the broad, level to gently sloping 
sandy plains in soil associations 2 and 3, but they also 
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Figure 2.—Blueberries on Au Gres-Saugatuck sands, 0 to 6 percent slopes. 


occur in scattered, small, wet depressions of the sandy 
uplands. In the sandy plains a water table rises close to 
the surface during part of the year. In cultivated areas and 
in areas slightly eroded by wind and water, the surface has 
a gray salt-and-pepper appearance because the surface 
layer has been mixed with the grayish subsurface layer. 

The soils in this complex are low in natural fertility and 
become very droughty during dry periods. 

Most areas of these soils have been cleared and cultivated 
but later abandoned. Grown up in most of these areas are 
grasses and weeds and a few clumps of aspen, sassafras, 
and sumac of poor quality. Some of the cleared areas have 
been planted to Scotch pine, red pine, white pine, and 
some spruce, In the second growth are jack pine, aspen, 
elm, and some white pine and red pine. Because they are 
low in natural fertility and are droughty, these soils are 
poorly suited to most crops. Because they are naturally 
acid, wet, and nearly level, however, some areas are suited 
to and are used for blueberries (fig. 2). Melons and pick- 
ling cucumbers are also grown on a small acreage. These 
special crops generally require supplemental irrigation 


during the dry parts of the growing season. If these soils 
are left bare, they are easily eroded by wind and water. 
Both soils are in capability unit [Vw-2 (5b, 5b-h) ; 


woodland suitability group F; wildlife suitability group 
1; community development group 6. 


Belding Series 


The Belding series consists of somewhat. poorly drained 
soils that developed in sandy Joam deposits underlain by 
loamy materials at a depth of 18 to 42 inches. These soils 
are nearly level to undulating. They occur on the lake plain 
and in upland pockets of the rolling morainic areas of the 
county. The native vegetation consisted of mixed hard- 
woods and conifers that included hard and soft maple, ash, 
birch, and some white pine and hemlock. 

The surface layer is the plow layer and consists of very 
dark: brown sandy loam about 8 inches thick. It is friable 
and has granular structure. 

The subsoil is mainly sandy loam. It is reddish brown in 
the upper part and strong brown in the lower part. This 


MUSKEGON COUNTY, MICHIGAN 9 


layer is distinctly mottled. It has subangular blocky struc- 
ture and is friable in the upper part and firm in the lower 
part. 

_ Underlying the subsoil, at a depth of about 30 inches, 
is light brownish-gray clay loam that is distinctly mottled. 
This material has angular blocky structure, is firm, and is 
calcareous. 


_ Permeability is moderately rapid in the upper 18 to 42 
inches and is moderately slow below that depth. Available 
moisture capacity is moderately high. Because these soils 
are naturally wet, artificial drainage is required before 
most crops can be grown. The water table is near the sur- 
face in spring, but it recedes in summer. Because the 
underlying material has moderately slow permeability, 
the upper part of these soils is saturated during wet 
periods. This wetness hinders the development of plant 
roots and the operation of farm machinery. Fertility is 
medium. 

Most areas of these soils are cultivated to the general 
crops of the area. A small amount is idle or in woodlots. 

A typical profile of Belding sandy loam in SW14 sec. 24, 
T.9 N., R. 14 W.: 


Ap—O to 8 inches, very dark brown (10YR 2/2) sandy loam; 
weak, coarse, granular structure; friable; medium 
acid; abrupt, smooth boundary. 

Bir—8 to 11 inches, reddish-brown (5YR 4/4) sandy loam 
that has many, medium, faint mottles of reddish 
brown (SYR 5/4) and many, medium, distinct mottiles 
of grayish brown (10YR 5/2); weak, medium, sub- 
angular blocky structure; friable; strongly acid; 
clear, irregular boundary. 

A’2 & B’21—11 to 18 inches, very pale brown (10YR 7/3) 
sandy loam, representing the A’2 horizon, and yellow- 
ish-brown (10YR 5/6) ‘sandy loam that has many, fine, 
distinct mottles of brown (10YR 5/3), representing 
the B’21 horizon; weak, medium, subangular blocky 
structure; friable; medium acid; clear, irregular 
boundary. 

B’22t—-18 to 30 inches, strong-brown (7.5YR 5/8) heavy sandy 
loam that has many, coarse, distinct mottles of light 
brownish gray (10YR 6/2); moderate, medium, sub- 
angular blocky structure; firm; slightly acid; abrupt, 
wavy boundary. : 

IIC—80 to 48 inches +, light brownish-gray (10YR 6/2) clay 
loam that has many, medium, distinct mottles of yel- 
lowish brown (10YR 5/6), few, fine, distinct mottles 
of brownish yellow (10YR 6/8), and few, medium, 
faint mottles of grayish brown (10YR 5/2) ; moderate, 
fine, angular blocky structure; firm; calcareous. 


In areas of Belding soils that have never been plowed or 
disturbed, the surface layer is a very dark grayish-brown sandy 
loam 3 to 5 inches thick. Below this lies a grayish subsurface 
layer 3 to 5 inches thiek. Cultivation mixes these two layers 
into a plow layer. In some areas a weakly cemented grayish 
layer is present just above a depth of 30 inches. This layer is 
especially noticeable during dry periods. The lower part of the 
subsoil ranges from sandy loam to clay loam or sandy clay 
loam. Below a depth of 30 inches, the material ranges from 
loam to clay loam or silty clay loam. The surface layer and 
upper part of the subsoil generally range from medium acid 
to strongly acid, and the lower part of the subsoil ranges from 
medium acid to neutral. 

Belding soils are more poorly drained and more highly 
mottled than Ubly soils. They have finer textured upper layers 
but coarser textured lower layers than the Allendale soils. 
Belding soils are similar to the Kawkawlin soils in drainage 
but are coarser textured. 


Belding and Allendale soils, 0 to 6 percent slopes 
(Ba8)—This mapping unit consists of Belding sandy loam 
and Allendale loamy sand. Some areas are dominantly 
Belding sandy loam, and other areas are dominantly 


Allendale loamy sand. Only a few areas contain both of 
these soils. Each of these soils has a profile similar to the 
one described for its respective series. 

These soils are on nearly level lake plains and are near 
the edges of and within the rolling uplands. These areas 
occur in the western parts of Casnovia and Ravenna Town- 
ships, the eastern parts of Sullivan and Moorland Town- 
ships, the southwestern part of Holton Township, and in 
White River Township. Belding and Allendale soils are 
both somewhat poorly drained, but they have different 
texture. 

The Belding soil has a very dark brown sandy loam sur- 
face layer. This soil is near the extreme edge of the lake 
plain and in the nearly level depressions and draws of the 
rolling uplands. 

Allendale loamy sand has a sandier surface layer and 
subsoil than the Belding soil. Sticky silty clay is at a depth 
ranging from 18 to 42 inches. This clayey material is finer 
textured than the material at a corresponding depth in 
the areas that are dominantly Belding sandy loam. The 
Allendale soil occupies broad, nearly level lake plains, and 
it also is scattered throughout the county. Clayey ma- 
terial lies below a depth of 314 feet in some areas of Allen- 
dale soil and at less than 12 inches in a few other areas. 

Included with these soils in the mapping, on slopes of 2 
to 6 percent, were areas of Kawkawlin soils that, are under- 
lain by clay loam at a depth of less than 18 inches, The 
Kawkawlin soils generally occur in areas that are domi- 
nantly Belding soil. These areas are small and do not alter 
the use and management of this mapping unit. Also in- 
cluded, but in areas that are dominantly Allendale soil, 
are small shallow depressions of poorly drained soils. Wa- 
ter ponds in these depressions during wet periods and 
sometimes hinders field operations. 

Artificial drainage is needed on the soils of this unit if 
they are to be used for crops. Because the underlying ma- 
terial is fine textured and of variable depth, artificial 
drainage is difficult. Drained areas, however, are produc- 
tive if they are properly managed. Undrained areas are 
used for hay and pasture, or they remain in woodlots. 

Belding soil is in capability unit IIw-8 (3/2b) ; wood- 
land suitability group G; wildlife suitability group 3; 
community development group 5. Allendale soil is in capa- 
bility group [Vw-2 (4/1b); woodland suitability group 
G; wildlife suitability group 3; community development 
group 5. 

Belding-Ubly sandy loams, 2 to 6 percent slopes 
(BbB).—This mapping unit consists of Belding sandy loam 
and Ubly sandy loam. These somewhat similar soils differ 
mainly in drainage. The Belding soil is somewhat poorly 
drained, and the Ubly soil is moderately well drained and 
well drained. Many areas are dominantly Belding sandy 
loam, and some areas are dominantly Ubly sandy loam, In 
other areas these soils occur in about equal amounts, Each 
of these soils has a profile similar to the one described for 
its respective series. These soils are in the gently sloping 
and rolling areas of glacial till in the northwestern and 
southeastern parts of the county. A thin layer of sandy 
loam material overlies the loamy glacial till. 

In some areas, Belding sandy loam is in the dish-shaped 
areas between rises occupied by the Ubly sandy loam. In 
other areas, the Belding soil is at the base of slopes and is 
also in flat areas in the draws. The Ubly sandy loam is on 
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lower side slopes in the rolling landscape. It receives run- 
off from higher slopes. 

Included with these soils in the mapping were many 
areas that differ from typical Belding or Ubly soils. In 
some areas slopes range from 6 to 12 percent. These sloping 
areas are eroded and have a lighter colored surface layer 
than uneroded areas. Areas on some of the hillocks are 
better drained than areas of these soils, On these hillocks 
the underlying material is exposed in spots. Other areas 
have a sandy loam surface layer and subsoil, In places the 
depth to the loamy underlying material is more than 42 
inches. Also included are poorly drained shallow depres- 
sions that have a dark-colored surface layer and are slow 
to dry up after rains in spring. Seepy areas occur in the 
Ubly soils. Areas of Nester soils are included where the 
loamy underlying material is Jess than 18 inches from the 
surtace. The Menominee soils and the Rubicon soils that 
have a loamy substratum occur where the surface layer 
and subsoil are sandier than normal. Poorly drained Sims 
soils are in the wettest dish-shaped areas between rises. 
None of these included areas greatly affects use and 
management. 

Artificial drainage is required in seepy spots and in areas 
that are dominantly Belding sandy loam. Drainage, how- 
ever, is difficult because the depth to the underlying loamy 
material varies. Drained areas that are properly managed 
have favorable yields of most crops. 

This unit is extensive, Adequately drained areas are used 
for general crops. Undrained areas are used mainly for 
hay and pasture. A few areas remain wooded. 

Belding soil is in capability unit TIw-8 (8/2b) ; wood- 
land suitability group G; wildlife suitability group 3; 
community development group 5. Ubly soil is in capability 
unit [Te-8 (8/2a) ; woodland suitability group A; wildlife 
suitability group 9; community development group 2. 


Blown-out Land 


Blown-out land was mapped in two units according to 
slope. Neither unit has much value as cropland. 

Blown-out land, 0 to 6 percent slopes (Bo8).—This land 
is in seattered areas throughout the open sandy parts of 
the county where the original forest has been cleared. The 
original surface layer and the subsoil have been removed 
by soil blowing and water erosion. Loose sand is at the 
surface. Active blowouts make up from 20 to 50 percent of 
individual areas. Some areas between blowouts show evi- 
dence of stabilization. 

Included with this land in the mapping were some areas 
that are not so severely eroded. 

The present vegetation consists of mosses and lichens 
and a few stunted trees of scrub oak or fire cherry. Some 
areas are covered only by lag gravel. Many areas, especially 
those along Lake Michigan, are raw and open. 

This land has no value as cropland, but it will support 
trees. Some areas have been stabilized with plantings of 
beachgrass. Other areas have been stabilized with beach- 
grass and then planted to red, Scotch, pitch, or jack pines. 
In all areas careful management is needed for protection 
from further damage by erosion. 

Capability unit VITIs-1 (5a); woodland suitability 
group Y; wildlife suitability group 4; community develop- 
ment group 3. 


Blown-out land, 6 to 50 percent slopes (BoE|.—This 
land occurs throughout the open sandy areas of the county. 
It occupies short, steep and very steep slopes that have 
been cleared and left bare to the eroding force of wind 
and water. The original surface layer and subsoil have 
been removed by erosion in most areas, and the former 
substratum of loose sand is at the surface in most. places. 
Remnants of the subsoil are on the lee slopes, in protected 
pockets, and in other sheltered spots. Active blowouts 
make up from 20 to 50 percent. of individual areas. Ac- 
cumulations of soil occur as overburden at the base of 
slopes and on the leeward side of slopes. 

Included with this land in the mapping were areas that 
have slopes of less than 6 percent. Also included were less 
severely eroded areas. A few areas have a sparse cover of 
mosses and lichens, and other areas have a thin mantle of 
lag gravel on the surface. Many areas consist of raw, shift- 
ing sand. 

his land has little value as cropland, though trees grow 
if the sand is stabilized. Some areas have been stabilized 
by planting beachgrass. Other areas that were first sta- 
bilized by planting. beachgrass have been planted to pitch, 
red, or jack pines, or in a few places to locust. In all areas 
careful management is needed for protection from further 
damage through soil blowing. 

Capability wnit VITIs-1 (5a); woodland suitability 
group Y; wildlife suitability group 4; community develop- 
ment group 3. 


Carlisle Series 


The Carlisle series consists of very poorly drained soils 
that developed in deep, organic material. These soils occur 
in nearly level areas, in depressions, and on broad depres- 
sional flats of the lake plain and outwash plain. They 
also occur along streams and are in scattered pockets and 
swales of the uplands. The native vegetation consisted of 
lowland hardwoods and included elm, ash, soft maple, and 
some tamarack, cherry, and willow. A few white pines 
grow in some places. 

The upper 25 inches of these soils consist of black muck 
that has granular or subangular blocky structure. Woody 
fragments are common in these layers. 

Below a depth of 25 inches, and extending to a depth of 
42 inches or more, the material consists of fibrous peat: 
containing a considerable amount of woody fragments. 

Carlisle soils have high available moisture capacity but 
are low in natural fertility. They are deficient in micro- 
nutrients. Artificial drainage is required for optimum 
yields, but drainage is difficult and costly. Runoff from 
Carlisle soils is slow, and additional runoff is received 
from higher adjacent soils. Water ponds in the lowest 
areas. Also, a high water table saturates these soils, espe- 
cially in spring, and the planting of crops is delayed. 
Excess water also impairs the use of machinery. Soil blow- 
ing is a serious hazard during dry periods. 

Carlisle soils are highly valued because of their suita- 
bility for celery, mint, carrots, onions, and other special 
crops. Corn is the most important field crop. Undrained 
areas are in pasture, including pasture of reed canarygrass, 
or are In second-growth forest. 

In this county Carlisle soils are mapped only with 
Tawas soils in an undifferentiated unit. 
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Typical profile of Carlisle muck in NW1,NE1, sec. 14, 
T.10N., R. 14 W.: 


1—O to 14 inches, black (10YR 2/1) well-decomposed muck; 
weak, coarse, subangular blocky structure; friable; 
slightly acid ; clear, smooth boundary. 

2—14 to 18 inches, black (SYR 2/1) muck; weak, fine, granu- 
lar structure; very friable; slightly acid; clear, 
smooth boundary. : 

3—18 to 25 inches, black (5YR 2/1) muck; moderate, medium, 
subangular blocky structure ; firm; slightly acid; clear, 
smooth boundary. 

4—25 to 36 inches, dark-gray (10YR 4/1) fibrous peat that has 
many woody fragments; weak, coarse, subangular 
blocky structure; friable; medium acid; clear, smooth 
boundary. 

5—36 to 48 inches, dark-brown (10YR 3/3) finely divided fibrous 
peat mixed with coNodial material; massive; friable; 
slightly acid. 

The surface layer of Carlisle soils is black, well-decomposed 
muck in most places, but in some places it contains a consider- 
able amount of mineral material. The layers below the surface 
layer range from reddish brown through brown to gray. Carlisle 
soils range from medium acid to neutral, The organic materials 
that make up the layers below the surface layer are normally 
fibrous. In the upper 24 inches of these soils, there are few to 
many partly decomposed fragments of wood. One or more 
layers may be made up of a jellylike organic material that is 
very fine and impermeable. 

Carlisle soils contain more fragments of wood than the 
Houghton soils and have thicker organic deposits than the 
Tawas or Warners soils. They are less stratified and more uni- 
form in composition than Kerston soils. 


Chelsea Series 


The Chelsea series consists of well-drained sandy soils. 
These soils developed in deep deposits of sand that are un- 
derlain by thin layers of loamy sand at a depth of 42 to 
66 inches. Chelsea soils occur in gentle to very steep areas 
of the till plains and moraines. The native vegetation con- 
sisted of mixed hardwoods and included oak, aspen, 
hickory, and sugar maple. Some areas supported stands of 
white pine, ; 

The surface layer is very dark grayish-brown loamy 
sand about 9 inches thick. It has granular structure and 
is very friable. 

The subsoil to a depth of about 33 inches consists mainly 
of sand. It is yellowish brown or brownish yellow, has 
subangular blocky structure, and is very friable. Below 
this are alternate layers of sand and loamy sand. The sand 
layers are. very pale brown and loose. The loamy sand 
layers are yellowish red and brownish yellow, have sub- 
angular blocky structure, and are very friable. The loamy 
sand layers are 4 inch to 2 inches thick, are 6 to 12 inches 
apart, and extend to a depth of 6 feet or more. 

Chelsea soils have rapid permeability and low natural 
fertility and available moisture capacity. Because of the 
low available moisture capacity, growth of plants is 
slowed in midsummer and throughout the dry summers. 
These soils are easily eroded by wind and water. 

Typical profile of Chelsea loamy sand in NE1ZNW1, 
SW1,, sec. 36, T. 12 N., R. 15 W., Holton Township: 

Ap—O to 9 inches, very dark grayish-brown (10YR 3/2) loamy 
sand; weak, medium, granular structure; very friable; 

. slightly acid; abrupt, wavy boundary. 
B2lir—9 to 19 inches, strong-brown (7.5YR 5/8) loamy sand; 


weak, medium, subangular blocky structure; very fri- 
able; medium acid; clear, irregular boundary. 


B22ir—19 to 28 inches, yellowish-brown (10YR 5/8) sand; 
very weak, coarse, subangular blocky structure; very 
friable; medium acid; gradual, wavy boundary. 

B23ir—28 to 33 inches, brownish-yellow (10YR 6/6) sand; 
very weak, medium, subangular blocky structure; very 
friable; medium acid; clear, wavy boundary. 

A’21—33 to 42 inches, very pale brown (10YR 7/4) sand; single 
grain; loose; medium acid; clear, smooth boundary. 

B’ti—42 to 438 inches, yellowish-red (5YR 4/8) loamy sand; 
weak, medium, subangular blocky structure; very fri- 
able; medium acid; clear, wavy boundary. 

A’22—-48 to 48 inches, very pale brown (10YR 7/3) sand; single 
grain; loose; medium acid; abrupt, wavy boundary. 

B’t2—48 to 50 inches, brownish-yellow (10YR 6/8) loamy 
sand; very weak, coarse, subangular blocky structure; 
very friable; slightly acid; clear, wavy boundary. 

A’2&B’t—50 to 60 inches +, very pale brown (10YR 7/8) sand 
representing A’2 horizons; single grain; loose; me- 
dium acid; brownish-yellow (10YR 6/8) heavy sand 
representing B’t horizons. 


In uncultivated areas of Chelsea soils the surface layer is 
2 to 4 inches thick and consists of black loamy sand. It is under- 
lain by a layer of grayish sand 1 to 4 inches thick. Brown of 
various shades is the color of the sand or loamy sand subsoil. 
The lowest layer of loamy sand is normally at a depth of less 
than 66 inches and is underlain by slightly acid sand. In some 
places the underlying material is coarse sand and contains some 
fragments of gravel size. : 

Chelsea soils have thinner layers in the subsoil than those 
in Montcalm and Mancelona soils, but the subsoil in Chelsea 
soils extends to a greater depth. They have a finer textured 
subsoil than the Kalkaska, Rubicon, and Grayling soils. 

Chelsea-Mancelona loamy sands, 2 to 6 percent slopes 
(CmB}.—Chelsea loamy sand and Mancelona loamy sand 
have been mapped together in this complex because they 
occur in an intricate pattern and cannot be mapped sepa- 
rately. Each of these soils has a profile similar to the one 
described for its respective series. These soils occupy the 
rolling uplands in the southeastern part of the county. 
They generally occur on long, narrow foot slopes or on 
gently sloping crests of cone-shaped sandy hills. 

Included with these soils in mapping were areas on short, 
choppy slopes of 6 to 12 percent that are severely eroded in 
some places. In these areas the surface layer is brownish 
colored and gritty. Also included were a few areas that. 
have a sticky, gravelly surface layer and other areas that 
have a light yellowish-brown sand surface layer. In many 
areas the Mancelona soil has a gravelly surface layer and 
subsoil and sand and gravel at a depth of more than 2 feet. 
The depth to the clay Joam material in the Mancelona soil 
varies greatly in some places. None of these included areas 
greatly affects use and management. 

Chelsea and Mancelona loamy sands are permeable to 
water and air. They are deficient in plant nutrients and 
have a low available moisture capacity. They are suscep- 
tible to soil blowing and water erosion. These soils are 
suited to the crops commonly grown in the county. Most 
areas are small, however, and make up only part of culti- 
vated fields. 

Chelsea soil is in capability unit [Vs-2 (5a) ; woodland 
suitability group E; wildlife suitability group 7; .com- 
munity development group 3. Mancelona soil is in capabil- 
ity unit ITIs-4 (4a) ; woodland suitability group C; wild- 
life suitability group 7; community development group 8. 

Chelsea-Mancelona loamy sands, 6 to 12 percent 
slopes (CmC).—Chelsea loamy sand and Mancelona loamy 
sand have been mapped together in this complex because 
they. occur in such an intricate pattern that they cannot be 
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mapped separately. Each of these soils has a profile similar 
to the one described for its respective series. These soils are 
in the rolling uplands mainly in the eastern part of the 
county. They occur on the sides and tops of knoblike sandy 
hills and on short narrow breaks. 

Included with these soils in the mapping were areas of 
Au Gres and Croswell soils in long, narrow draws. Also 
included were areas where the clay loam material is within 
42 inches of the surface. Other included areas are hum- 
mocky and have moderately eroded spots. In these eroded 
spots the surface layer is lighter colored than normal and 
is gravelly. In some places the hummocky areas have slopes 
of more than 12 percent, and in the long narrow draws 
slopes are less than 6 percent. 

These soils are permeable to water and air. Their avail- 
able moisture capacity and supply of plant nutrients are 
low. Because slopes are strong and the soils are Joose, soil 
blowing and water erosion are likely. These soils are poorly 
suited to row crops, because they are sandy, low in fertility, 
and strongly sloping. 

Chelsea soil is in capability unit VIs-1 (5a) ; woodland 
suitability group E; wildlife suitability group 7; com- 
munity development group 3. Mancelona soil is in capabil- 
ity unit [TTe-9 (4a) ; woodland suitability group C; wild- 
life suitability group 7; community development group 3. 

Chelsea and Montcalm sands, 12 to 25 percent slopes 

‘(CnD).—This mapping unit consists of Chelsea sand and 
Montcalm sand. Most areas consist dominantly of the 
Chelsea soil or of the Montcalm soil. Each of these soils 
has a. profile similar to the one described under its respec- 
tive series. 

The soils of this mapping unit are similar in texture and 
drainage. The subsoil in the Montcalm soil, however, is 
closer to the surface and finer textured than that in the 
Chelsea soil. These Chelsea and Montcalm soils are in roll- 
ing areas of the eastern part of the county. They are on 
short breaks and the sides and tops of small, sandy knob- 
like hills. 

Included with these soils in the mapping were small 
areas of deep, sandy Rubicon soils. Also included were 
areas where the clay loam material is within 42 inches of 
the surface. These areas generally are at the top of slopes. 
Some of these areas are moderately eroded, and their plow 
layer is lighter colored than that in uneroded areas. 

These Chelsea and Montcalm soils are permeable to 
air and water. Their available moisture capacity and sup- 
ply of plant nutrients are low. The Montcalm soil is gen- 
erally more productive than the Chelsea soil because it 
has more fine-textured material in the subsoil. 

Most areas of these soils have been cleared and cultivat- 
ed, but a few areas remain wooded. Because the soils are 
steep and loose, they are easily eroded by wind and water. 
They are best suited to permanent vegetation, such as 
grasses, lesumes, and trees. 

Chelsea soil is in capability unit VIIs-1 (5a); wood- 
land suitability group E; wildlife suitability group 7; 
community development group 3. Montcalm soil is in ca- 
pability unit VIIs-1 (4a) ; woodland suitability group C; 
wildlife suitability group 7; community development 
group 3. 

Chelsea and Montcalm sands, 25 to 45 percent slopes 
(CnE]—Most areas of this mapping unit are dominantly 
Chelsea sand, but some areas are dominantly Montcalm 
sand. Each of these soils has a profile similar to the one 


described for its respective series. These soils are similar in 
texture and drainage, but the Montcalm soil is finer tex- 
tured in the subsoil than the Chelsea soil. These soils are 
on short slope breaks in the rolling areas of the eastern 
quarter of the county. 

The finer textured soil layers that are common in these 
soils are thinner and fewer than those described as typical 
of each series. Also, the surface layer is lighter colored. 

Included with these soils in the mapping were areas 
where the loamy material is below a depth of 60 inches. 
Also included were severely eroded spots that have a 
brownish sandy loam surface layer and contain little or- 

anic matter. Many small pebbles are scattered on the sur- 
ace of eroded areas. Also included were areas of severely 
eroded Nester soils. 

These Chelsea and Montcalm soils are permeable to 
water and air. They have a low natural supply of plant 
nutrients. Because they are steep and loose, they are easily 
eroded by wind and water. Permanent grasses or trees can 
be established and maintained to reduce the hazard of 
erosion. 

Chelsea soil is in capability unit VIIs-1 (5a); wood- 
land suitability group E; wildlife suitability group 7; 
community development group 3. Montcalm soil is in 
capability group VIIs-1 (4a); woodland suitability 
group C; wildlife suitability group 7; community develop- 
ment group 38. 


Croswell Series 


The Croswell series consists of moderately well drained 
soils that developed in deep sands. These soils are in nearly 
level to gently sloping areas and on narrow low ridges of 
the broad outwash plains of the county. The natural vege- 
tation was hardwoods and conifers that included white 
pine, hard maple, soft maple, aspen, and some red pine, 
hemlock, and elm. , 

The surface layer is very dark brown sand about 8 
inches thick. It is underlain by a subsurface layer of gray 
sand about 4 inches thick. Both of these layers have gran- 
wlar structure and are very friable. 

The subsoil consists of sand. It is mottled with reddish 
yellow, dark red, and yellowish red in the lower part. 
The upper part has subangular blocky structure, and the 
lower part is single grain and loose. 

The material below the subsoil, at a depth of about 42 
inches, is pale-brown sand that is mottled with yellowish 
red. This material is single grain and loose. 

Above the fluctuating water table, water moves very 
rapidly through the Croswell soils. These soils are satu- 
rated during rainy periods in spring, but the water dis- 
appears quickly after rains stop. The upper layers of these 
soils dry out quickly, but the layers below a depth of 36 
inches remain wet. Croswell soils are low in natural fertil- 
ity and available moisture capacity. They are very sus- 
ceptible to soil blowing if their protective cover is removed. 
As summer progresses, rain normally is not adequate to 
meet the needs of the plants. Crops show the need for mois- 
ture during extended dry periods. 

Typical profile of Croswell sand in SE14NE1, sec. 24, 
T.10N.,R.16 W.: 

Ap—0 to 8 inches, very dark brown (10¥R 2/2) sand; weak, 
medium, granular structure; very friable; slightly 
acid; abrupt, wavy boundary. 
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A2—8 to 12 inches, gray (10Y¥YR 5/1) sand; weak, medium, 
granular structure; very friable; strongly acid; 
abrupt, wavy boundary. 

B2lir—12 to 18 inches, brown (10YR 4/3) sand; weak me- 
dium, subangular blocky structure; very friable; 
strongly acid; clear, wavy boundary. 

B22ir—18 to 24 inches, strong-brown (7.5YR 5/6) sand that 
has many, fine, faint mottles of reddish yellow (7.5YR 
6/6) ; weak, medium, subangular blocky structure; 
very friable; medium acid; gradual, wavy boundary. 

B8—24 to 42 inches, strong-brown (7.5YR 5/6) sand that has 
few, coarse, distinct mottles of dark red (2.5YR 3/6) 
and many, medium, distinct mottles of yellowish red 
(5¥R 5/6); single grain; loose; medium acid; grad- 
ual, wavy boundary. : 

C—42 to 60 inches +, pale-brown (10¥R 6/3) sand that has 
few, medium, distinct mottles of yellowish red (5YR 
5/6) ; single grain; loose; medium acid. 


The surface layer of Croswell soils ranges from neutral to 
medium acid. Generally, the water table is high in spring and 
fall. Evidence of a seasonally high water table is the mixture of 
colors, normally between depths of 18 and 40 inches. Where 
Croswell soils grade to the well-drained sands, the mixture 
of colors is at a depth of about 3 feet. Where Croswell soils 
grade to the somewhat poorly drained Au Gres soils, the mix- 
ture of colors is at a depth of about 18 inches. In areas where 
Croswell soils grade to the Wallace soils, the subsoil contains 
a few chunks of weakly cemented sand that are irregular in 
size and shape. 

Croswell soils are more moist and more mottled than the 
Rubicon and Kalkaska soils. Croswell soils lack the cemented 
layer that is common in the Wallace soils. They are better 
drained and not so highly mottled as Au Gres soils. 

Croswell and Au Gres sands, 0 to 6 pereent slopes 
(CrB).—This mapping unit consists of Croswell sand and 
Au Gres sand. The Croswell sand makes up most of the 
unit. Each of these soils has a profile similar to the one 
described for its respective series. This unit occurs through- 
out most of the county. It has a fluctuating high water 
table. The water table is closer to the surface in the Au 
Gres soil than in the Croswell soi]. The Croswell soil is 
slightly higher and better drained and is Hghter colored 
than the Au Gres soi]. The Au Gres soil is in depressions 
in some places. 

Areas of these soils that have never been cultivated and 
still retain a protective cover ‘have a slightly thicker sur- 
face layer than cultivated areas. Soil blowing has ‘thinned 
the surface layer where these soils have lost. their vegeta- 
tion. Overwash has accumulated in a thin layer over the 
Au Gres sand in those places where the soil oceurs in shal- 
low depressions or at the base of slopes. 

These soils are Jow in plant nutrients. They become 
droughty in the summer when the water table drops. Dur- 
ing dry periods, unprotected areas are easily eroded by 
wind. 

Large areas of these soils have been cultivated, but now 
most areas are idle. The vegetation is Canada bluegrass, 
quackgrass, goldenrod, and bracken fern. A few small 
aspen, birch, and elm trees also are present. 

Croswell soil is in capability unit [Vs-2 (5a), woodland 
suitability group E; wildlife suitability group 1; com- 
munity development group 3. Au Gres soil is in capability 
unit [Vw-2 (5b); woodland suitability group F; wildlife 
suitability group 1; community development group 6. 


Deer Park Series 


The Deer Park series consists of well-drained soils de- 
veloped in weathered sand. These soils are on the stabilized 


dunes and beach ridges along the shore of Lake Michigan. 
The native vegetation consisted of beech, sugar maple, red 
oak, hemlock, white pine,and ash. Greenbrier, wintergreen, 
and blueberry made up the ground cover. 

The upper 3 inches of these soils is black and consists of 
the organic remains of plants mixed with some mineral 
material. The subsurface layers are gray or light brownish- 
gray fine sand or sand about 6 inches thick. This sand is 
single grain and loose. 

The subsoil is light yellowish-brown sand about 12 inches 
thick. It is single grain and loose. 

Underlying the subsoil is very pale brown sand that is 
single grain and loose. 

Deer Park soils are very permeable and have low avail- 
able moisture capacity and natural.fertility. Where the 
protective vegetation has been removed, soil blowing is 
likely on these loose, dry sands. These soils can be used for 
recreation. 

Typical profile of Deer Park fine sand in SWY4SWY, 
sec. 15, T. 12 N, R. 18 W.: 


01—3 inches to 0, black (10YR 2/1) organie matter containing 
some sand; very weak, fine, granular structure; very 
friable; slightly acid; medium acid; abrupt, irregular 
boundary. 

A21—0 to 2 inches, gray (1L0YR 5/1) fine sand stained very dark 
gray (10YR 38/1) by organic matter; single grain; 
loose; medium acid; clear, irregular boundary. 

A22—2 to 6 inches, light brownish-gray (1OYR 6/2) sand; 
single grain; loose; medium acid; clear, irregular 
boundary. 

B—6 to 18 inches, light yellowish-brown (10¥R 6/4) sand; 
single grain; loose; medium acid; clear, irregular 
boundary. 

C—18 to 60 inches +, very pale brown (10YR 7/3) sand; single 
grain; loose; medium acid. 

In some areas, the subsurface layer is thicker than that 
deseribed and the subsoil is very thin. Near Lake Michigan, the 
subsoil layer (B horizon) is normally absent. Farther from 
the lake, this layer occurs, and it becomes thicker and brighter 
colored as distance from the lake increases. The profile ranges 
from medium acid to slightly acid. The texture of the entire 
profile is fine sand in some areas. About % to 4% mile inland, 
Deer Park soils are adjacent to Rubicon or Grayling soils, or 
both. 

Deer Park soils have a more distinct subsurface layer than 
the Grayling soils but a less distinct subsoil than the Rubicon 
soils. Deer Park soils are Jess acid than the Rubicon or the 
Grayling soils. 

Deer Park fine sand, 12 to 50 percent slopes (DpE).— 
This soil occupies the sloping to very steep areas of sand 
dunes and beach ridges along Lake Michigan. Much of 
the avea is covered with a forest of mixed hardwoods con- 
sisting of beech, maple, red oak, white pine, and hemlock. 
Some areas are covered only with beachgrass and briers, 
and in these areas the subsoil is absent and the organic 
mat at the surface is very thin or absent. 

Included with this soil in mapping were very severely 
eroded, bare areas in which the soil is very pale brown, 
infertile sand. 7 

Deer Park fine sand, 12 to 50 percent slopes, contains 
only small amounts of plant nutrients, It is droughty and is 
easily eroded by wind if its protective cover is removed. 
Tt is unsuitable as cropland, because it is sloping to very 
steep and droughty. It produces excellent timber products, 
because of the influence of Lake Michigan. Areas of this 
soil are highly regarded for their esthetic value and recrea- 


tional potential. 
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Capability unit VIIs-1 (5.3a); woodland suitability 
group H; wildlife suitability group 4; community devel- 
opment group 3. 


Deford Series 


The Deford series consists of deep, poorly drained fine 
sands. These soils are in nearly level to depressional areas 
of the lake plain and the outwash plain. The native vegeta- 
tion consisted of lowland hardwoods and a few conifers 
and included elm, red maple, swamp white oak, and some 
black spruce and white-cedar. 

The surface layer is black fine sand about 5 inches thick. 
This layer has granular structure, is very friable, and 1s 
very high in organic-matter content. 

Below the surface layer are alternate layers of fine sand 
and very fine sand. The dominant color is light brownish 
gray, and the material is mainly very friable or loose. Most 
of these layers are single grain, but some have subangular 
blocky or platy structure. These layers are highly mottled 
with brownish yellow and yellow. 

Deford soils are very permeable to water and have low 
available moisture capacity. They ave Jow in natural fer- 
tility. Unless these soils are drained, they are saturated by 
« high water table and the excess water severely limits the 
growth of plants and use of farm machinery. Drainage, 
however, is difficult because the sandy material caves into 
ditches and into trenches dug for tile. Only fair yields 
can be expected under careful management. Much of the 
acreage of these soils is idle or is used for pasture. Some 
areas are forested. 

Typical profile of Deford fine sand in SWYANWY, sec. 
15, T. 11 N., R.16 W.: 


A1—0 to 5 inches, black (10¥R 2/1) fine sand; moderate, fine, 
granular structure; very friable; medium acid; very 
high content of organic matter; abrupt, wavy 
boundary. 

Clg—5 to 9 inches, light-gray (1OYR 6/1) fine sand that has 
common, medium, faint mottles of grayish brown 
(10YR 5/2) and common, coarse, prominent mottles 
of black (1LOYR 2/1); weak, medium, subangular 
blocky structure; very friable; medium acid; abrupt, 
irregular boundary. 

C2—9 to 11 inches, pale-brown (10YR 6/8) fine sand that has 
many, medium, distinct mottles of yellowish brown 
(10YR 5/8), many, coarse, faint mottles of light 
brownish gray (10YR 6/2), and common, medium 
distinct mottles of brownish yellow (10YR 6/8) ; weak, 
medium, subangular blocky structure; very friable; 
slightly acid; clear, irregular boundary. 

C8—11 to 20 inches, light brownish-gray (10YR 6/2) fine sand 
that has many, medium, distinct mottles of brownish 
yellow (10YR 6/6) and few, fine, faint mottles of 
light yellowish brown (10YR 6/4); single grain; 
neutral; clear, irregular boundary. 

C4—20 to 28 inches, light brownish-gray (1LOYR 6/2) very fine 
sand that has many, medium, distinct mottles of 
brownish yellow (10YR 6/8) ; vertical streaks of black 
(10¥R 2/1) 2 millimeters wide; weak, thick, platy 
structure; very friable; mildly alkaline; clear, ir- 
regular boundary. 

C5—28 to 82 inches, light brownish-gray (10YR 6/2) fine sand 
that has many, medium, distinct mottles of brownish 
yellow (10XYR 6/6) and many, fine, distinct mottles 
of yellow (10YR 7/8) ; single grain; loose; ealeareous; 
clear, wavy boundary. 

C6—82 to 38 inches, light brownish-gray (1OYR 6/2) very fine 
sand thant has common, medium, faint mottles of pale 
brown (10XYR 6/3); single grain, loose; calcareous; 
gradual, wavy boundary. 


C7—38 to 60 inches +, pinkish-gray (7.5YR 6/2) fine sand; 
single grain; loose; calcareous. 


In cultivated areas of Deford soils the gray subsurface 
layer has been mixed with the black surface layer and the 
plow layer is dark gray. Thin layers of silt and very fine 
sand occur in the subsurface layer in some areas. The amount 
of mottling varies considerably throughout the profile, but 
mottles are dominantly grayish in color. The upper 11 inches 
of these soils range from acid to neutral, and the material 
below is neutral or calcareous. As the distance to Roscommon 
soils decreases, texture of the sand in the Deford soils becomes 
coarser with depth, and the thin layers of finer textured ma- 
terial occur above a depth of 42 inches or are absent. 

Deford soils have a thinner surface layer and developed in 
finer sand than the Granby soils. Also, they developed in finer 
sand than the Roscommon soils. 

Deford fine sand (0 to 2 percent, slopes) (Ds) —This soil 
consists of fine sand and has a black or very dark gray sur- 
face layer. The soil occurs mainly in broad, flat areas of the 
Jake plain near Moorland, but other areas are elsewhere in 
slight depressions of the lake plain. 

Included with this soil in the mapping were areas that. 
have a sand surface layer and areas that have a mucky 
surface layer. Also included were small areas that have 
slopes of 2 to 6 percent and a lighter colored surface layer 
than that described in the typical. profile. 

This soil is wet because its water table is high. Drainage 
improves this soil as cropland, but drained areas have low 
wvailable moisture capacity. Exposed areas are easily 
eroded by wind. Rotations that provide a high proportion 
of meadow and hay crops are well suited. Undrained areas 
are used mainly for pasture or are idle. 

Capability unit IIIw-6 (4c); woodland suitability 
group W; wildlife suitability group 5; community de- 
velopment group 8. 


Dune Land 


Dune land (Du) is in areas of sand dunes near Lake 
Michigan (fig. 3). Slopes range from 12 to 85 percent. 
Most areas do not have a protective plant cover and are 
actively eroding. Beachgrass grows in clumps, and some 
trees and woody shrubs grow in sheltered coves, In several 
areas the dunes are advancing into the lower areas. Evi- 
dence of this advance is the treetops that protrude above 
the sand on the leeward side of the dunes. Stabilization of 
the dunes has been attempted in a few places but generally 
has not been successft.1. Dune land is used primarily for 
recreation. 

Capability unit VITIs-1 (Sa); woodland suitability 
group Y; wildlife suitability group 4; community develop- 


ment group 3. 


Granby Series 


The Granby series consists of poorly drained soils that 
developed in deep deposits of neutral sand. These soils oc- 
cupy broad, nearly level to depressional areas of Jake plain 
and outwash plain in the central part of the county. The 
native vegetation consisted of lowland hardwoods, mainly 
elm, red maple, and swamp white oak and some willow. 
There were also some spruce and white-cedar. 

In cultivated areas the surface layer is black loamy sand 
about 10 inches thick. It has granular structure and is very 
friable, 
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Figure 3.—Dune land near Lake Michigan. 


The material underlying the surface Jayer is dominantly 
ying J 


gray and brownish sand. It has very weak subangular 


blocky structure in the upper part and is single grain in 
the lower part. Brownish-yellow mottles occur at variable 
depths. 

Granby soils have rapid permeability and low available 
moisture capacity. Natural fertility is low. A high water 
table saturates these soils in undrained areas. 

Most of the acreage of these soils is cleared and used for 
hay and pasture, though some areas are used for crops. 
Drainage is generally needed, but it is difficult because the 
sandy material readily caves into the clitches. If these soils 
are overdrained, they become droughty and susceptible to 
severe soil blowing. 

Typical profile of Granby loamy sand in NEYNEY, 
sec. 25, T. 12 N., R. 15 W.: 


Ap—0 to 10 inches, black (10YR 2/1) loamy sand; weak, 
medium, granular structure; very friable; neutral; 
abrupt, smooth boundary. 

Cig—10 to 20 inches, gray (10YR 6/1) loamy sand; very weak, 
eoarse, subangular blocky structure; very friable; 
slightly acid; clear, smooth boundary. 

TIC2g—20 to 30 inches, gray (10YR 5/1) sand that has common, 
fine, distinct mottles of brownish yellow (10Y¥R 6/6) ; 
very weak, coarse, subangular blocky structure; very 
friable; slightly acid; gradual, smooth boundary. 

IIC38—80 to 38 inches, brown (10¥R 5/3) sand; single grain; 
loose; slightly acid; gradual, smooth boundary. 

TIC4—88 to 60 inches +, grayish-brown (10YR 5/2) sand; 
single grain; loose; neutral. ; 


In areas of Granby soils that have never been plowed, the 
surface layer ranges from 6 to 15 inches in thickness and 
consists of black sand, loamy sand, and sandy loam that are 
very high in organic-matter content. The mottling in the 
subsoil is faint in some areas. A layer of finer textured ma- 
terial, 1 to 3 inches thick, is in the subsoil in places. The upper 
20 inches of these soils ranges from medium acid to neutral, 
and below 20 inches, the material ranges from slightly acid 
to neutral or is calcareous. 

Granby soils are similar to the Roscommon soils in drainage 
but have a thicker surface layer. The sand in the Granby soils 
is coarser than that in the Deford soils. 


Granby loamy sand. (0 to 2 percent slopes) (Ga).—This 
soil occupies the broad, nearly level outwash plain and low, 
279-229-682 
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wet depressions throughout the county. The depressions 
are dish shaped, and there are some gently sloping areas 
near their edges. The surface layer js high in organic- 
matter content. Where the soil has been cultivated for some 
time, the surface layer is lighter colored than that de- 
scribed in the typical profile. 

Included with this soil in the mapping were areas that 
have been eroded by the wind and have a salt-and-pepper 
appearance and a cdark-gray surface layer. In some culti- 
vated areas all of the dark-colored surface layer has been 
removed by erosion. Also included were depressions that 
have 12 inches of organic matter at their surface. Other 
inclusions are areas of Tawas soils and areas of Au ‘Gres 
soils. The Au Gres soils are slightly higher and better 
drained than Granby loamy sand. 

This soil is wet because its water table is high. Its supply 
of plant nutrients is Jow because the texture is sandy. 

Much of this soil is idle or is used for native pasture. 
The smaller depressional areas remain in forest or are in 
grasses and reeds. Some areas on the flat, sandy plains 
have been cleared and drained artificially. These areas are 
easily eroded by wind and require careful management 
that maintains the content of organic matter. 

Capability unit IIIw-11 (5c); woodland suitability 
group Q; wildlife suitability group 5; community develop- 
ment group 9. 


Grayling Series 


The Grayling series consists of well-drained sandy soils 
on the rolling sand hills of the county. The native vegeta- 
tion consisted of white pine, red pine, aspen, black oak, and 
white oak. The present forest consists of black oak, white 
oak, and aspen, and there are some white pine and red 
pine trees. A considerable acreage has a sparse cover of 
little bluestem, lichens and mosses, and scattered clumps of 
scrubby black oak, sumac, and sassafras. 

The surface layer is black sand about 1 inch thick. It is 
underlain by a 1-inch layer of dark-gray sand. Both of 
these thin layers are single grain and loose. 

The subsoil is weakly developed and consists of sand 
about 14 inches thick. It is yellowish brown in the upper 
part and light yellowish brown in the lower part. This 
layer is single grain and loose. 

Below the subsoil is a very pale brown sand that is single 
grain and loose. 

Grayling soils have very rapid permeability. Their na- 
tural fertility and available moisture capacity are low. The 
effects of drought on plants are shown sooner on these 
soils than on most other soils in the county. These loose, 
dry soils are susceptible to soil blowing and water erosion 
where the vegetative cover has been removed. Only a few 
areas are used for crops. 

Typical profile of Grayling sand in NEY,NEY, sec. 18, 
T.11N.,R.16 W., Dalton Township: 

Al—O to 1 inch, black (10YR 2/1) sand; single grain; loose; 
medium acid; high in organic-matter content; clear, 
wavy boundary. 

A2—1 to 2 inches, dark-gray (10YR 4/1) sand; single grain; 
loose; strongly acid; clear, irregular boundary. 

Bir—2 to 11 inches, yellowish-brown (1LOYR 5/8) sand; single 
grain; loose; medium acid; abrupt, irregular bound- 
ary. 

B8—11 to Xe inches, light yellowish-brown (10Y¥R 6/4) sand; 
single grain; loose; medium acid; clear, wavy bound- 
ary. 
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CO—16 to 60 inches ++, very pale brown (10YR 7/3) sand; single 
grain ; loose; medium acid. 


The surface layer of Grayling soils ranges from dark gray to 
black and in some areas is high in organic-matter content. 
The grayish subsurface layer is absent in some areas. Depth 
to the very pale brown, loose sand ranges from 12 to 24 inches. 
The profile ranges from medium acid to strongly acid. 

Grayling soils have a less well-developed subsoil than either 
the Rubicon or the Kalkaska soils. Unlike the Wallace soils, 
Grayling soils lack a cemented layer in the subsoil. Grayling 
soils are more acid and have a thinner subsurface layer than 
Deer Park soils. 

Grayling-Rubicon sands, 6 to 12 percent slopes 
(GrC}.—-These soils occur together in such an intricate 
pattern that they could not be mapped separately. Each 
of these soils has a profile similar to the one described 
for its respective series. These soils occur throughout the 
sandy areas of the county. They are on the sides of hills 
in sandy rolling areas in the north-central part of the 
county. They also occupy short slopes adjacent, to closed 
depressions, along drainageways, and on breaks from one 
broad level area to another at a lower elevation. Other 
areas are on long, narrow ridges of the plains. 

Grayling and Rubicon soils are similar, but the Rubicon 
has a redder subsoil than the Grayling. 

Tncluded with these soils in the mapping were moder- 
ately eroded areas that have a surface layer of grayish- 
brown. sand that contains little organic matter. Also in- 
cluded were a few areas with slopes of more than 12 per- 
cent and a few with slopes of less than 6 percent. 

The soils in this mapping unit have severe limitations 
to use as cropland. They are droughty and have a very 
low supply of plant nutrients. Erosion by wind and water 
is likely where protective vegetation has been removed. 
These soils can be used to produce forest products. Much 
of the acreage is woodland, and open areas can be planted 
to adapted trees. 

Capability unit VIIs-1 (5.7a, 5.32); woodland suit- 
ability group H; wildlife suitability group 8; community 
development group 3. 

Grayling-Rubiecon sands, 12 to 25 percent slopes 
(GrD}.—These soils occur together in such an intricate pat- 
tern that they could not. be mapped separately. Each of 
these soils has a profile similar to the one described for its 
respective series. These soils are on short, steep slopes in 
the rolling, sandy upland of the north-central part of the 
county. They are also along sandy terrace breaks and in 
pits in the flat, sandy areas of the outwash plain and the 
lake plain. 

The soils in this mapping unit have a very thin surface 
layer that is slightly lighter colored than the surface 
layer in less sloping areas of Grayling and Rubicon soils. 

Included with these soils in the mapping were eroded 
areas that lack their original surface layer. Also included 
were severely eroded spots that are bare or are covered 
with mosses and lichens. These severely eroded spots have 
a yellowish-brown, loose sand surface layer. A few small 
included areas have slopes of more than 25 percent. 

Limitations to use as cropland are severe. These soils 
are very droughty and have very low fertility. Because 
slopes are steep, and these soils are loose and dry, both 
soil blowing and water erosion are likely. 

Much of the acreage is forested and is valuable for 
forest. products. Cleared areas are being reforested to 
adapted pines. 


Capability unit VIIs-1 (5.7%7a, 5.80); woodland suit- 
ability group H; wildlife suitability group 8; community 
development group 3. 

Grayling-Rubicon sands, 25 to 45 percent slopes 
(GrE).—These soils occur together in such an intricate pat- 
tern that they could not be mapped separately. Each of 
these soils has a profile similar to the one described for 
its respective series. ‘These soils are on the short, very steep 
slopes in the rolling, sandy uplands of the county. Some 
aeas are along sancly terrace breaks and in pits in the flat, 
sandy outwash plain and lake plain. 

The surface layer is thinner and less distinct than that 
of typical Grayling and Rubicon soils. Also, the depth to 
the substratum is much less, The gray subsurface layer 
is absent in many areas. 

Included with these soils in the mapping were moder- 
ately eroded areas that have a grayish-brown surface layer. 
Also included were severely eroded areas that have shallow 
blowouts and U-shaped gullies. In a small included acre- 
age slopes are less than 25 percent. 

These soils are extensive in this county. Their value as 
cropland is low, but: they are valuable as woodland. Some 
open areas have been reforested to adapted pines, and 
others could be. The main concerns in managing these 
steep soils are erosion and the very low fertility and avail- 
able moisture capacity, 

Capability unit VIIs-1 (5.7a, 5.3a) ; woodland suitabil- 
ity group H; wildlife suitability group 8; community 
development group 3. 


Hettinger Series 
The Hettinger series consists of poorly drained to very 


poorly drained soils. These soils developed in stratified 
silty and clayey deposits on the lake plain. They are not 
extensive in this county and occur only on the lake plain 
in the northeastern and central parts. The native vegeta- 
tion consisted of lowland hardwoods and included elm, 
ash, red maple, and swamp white oak. 

The surface layer is black loam about 7 inches thick. It 
has granular structure, is friable, and has a high content 
of organic matter. 

The subsoil is stratified and consists mainly of gray silty 
clay loam but has a thin layer or layers of silt loam. The 
subsoil is about 24 inches thick. It has angular blocky and 
subangular blocky structure. Brownish-yellow and yellow- 
ish-brown mottles are common throughout the subsoil and 
extend into the underlying material. 

The underlying material is stratified. Tt consists main- 
ly of silty clay loam but contains thin layers of coarser 
textured material, It is massive, firm, and calcareous. 

Hettinger soils have moderately slow permeability and 
high available moisture capacity. Natural fertility is 
high. A high water table saturates these soils unless they 
are drained, and the excess water hinders plant growth 
and use of farm machinery. Because these soils are strati- 
fied, a system of artificial drainage is difficult to install. 

These soils warm slowly in spring. Careful manage- 
ment is required to Insure maintenance of good soil struc- 
ture and fertility. 

Typical profile of Hettinger loam in SEIASEY, sec. 11, 
T.12N.,R.15 W.: 

Ap—0 to 7 inches, black (10YR 2/1) loam; moderate, fine, 
granular structure; friable; slightly acid; abrupt, 
irregular boundary. 
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B21g—7 to 18 inches, gray (10YR 5/1) silty clay loam that has 
many, fine distinct mottles of brownish yellow (lOYR 
6/6) and many, fine, faint mottles of grayish brown 
(2.5Y 5/2); strong, fine, angular blocky structure; 
firm ; neutral; clear, wavy boundary. 

TIB22g—18 to 21 inches, gray (10YR 5/1) silt loam that has 
many, medium, faint mottles of dark gray (10YR 4/1) 
and few, fine, distinct mottles of brownish yellow 
(10YR 6/6) ; weak, medium, subangular blocky struc- 
ture; friable; mildly alkaline; clear, wavy boundary. 

TIIB23g—21 to 31 inches, light-gray (10YR 6/1) silty clay 
loam that has common, medium, faint mottles of gray 
(10YR 5/1) and many, medium, distinct mottles of 
yellowish brown (10YR 5/8); weak, medium, sub- 
angular blocky strueture; firm; mildly alkaline; 
abrupt, smooth boundary. 

IVC—31 to 36 inches, light brownish-gray (1O0YR 6/2) very fine 
sandy loam that has many, medium, distinct mottles 
of yellowish brown (10YR 5/4); massive; friable; 
mildly alkaline; abrupt, smooth boundary. 

VC2g—236 to 48 inches +-, gray (10YR 5/1) silty clay loam that 
has many, medium, distinct mottles of brown (10YR 
5/8), many, fine, faint mottles of gray (N 5/0), and 
few, fine, distinct mottles of brownish yellow (10YR 
6/6) ; massive ; firm ; calcareous. 


Undisturbed areas of Hettinger soils have a black or very 
dark brown surface layer 6 to 10 inches thick, The subsoil is 
dominantly silty clay loam or clay loam, but in some areas it 
has layers of silt loam, loam, or fine sandy loam 1 to 6 inches 
thick. The material below the subsoil also is dominantly silty 
clay loam or clay loam, but in some areas there are layers of 
very fine sandy loam, silt loam, loam, and fine sand 1 to 6 inches 
thick. The snbsoil ranges from slightly acid to mildly alkaline. 
Below a depth of 86 inches the material is calcareous. 

In some areas these soils are limy within 10 inches of the 
surface, but in other areas they are free of lime in the upper 
60 inches. The surface layer is dominantly loam but is silty clay 
loam in some places. 

Hettinger soils are similar to Sims soils in texture, but are 
more stratified. They are coarser textured than Pickford soils. 
Hettinger soils are more poorly drained and are grayer than 
Kawkawlin soils. 

Hettinger and Pickford soils (0 to 6 percent slopes) 
(Hp).—This mapping unit consists of Hettinger loam and 
Pickford silty clay loam. These soils were mapped as a 
single unit because they are similar, and, for the purpose 
of this survey, it. was not necessary to map them separately. 
Most mapped areas are dominantly Hettinger loam, but 
some are dominantly Pickford silty clay loam, and a few 
consist, of each soil in about equal amounts. Each of these 
soils has a profile similar to the one described for its 
respective series, 

These soils are on nearly level to gentle slopes of the 
lake plain. They occupy the beds of former lakes. The 
Pickford soil is finer textured than the Hettinger soil and 
lacks distinct stratification in the upper layers. 

Included with these soils in the mapping, in areas of 
Hettinger loam, were small areas of coarse-textured soils. 
Also included, in areas dominantly of Pickford silty clay 
loam, were small areas of Selkirk soils that are gently 
sloping-and slightly higher than the Pickford soils. 

Hettinger and Pickford soils are wet. Water and air 
move through them at a moderately slow to very slow rate. 
Natural fertility and available moisture capacity are high. 

In the level or nearly level areas, these soils are difficult 
to drain because of the relief. Undrained areas of these 
soils are used mainly for hay, pasture, or trees. 

Hettinger soil is in capability unit IIw-2 (1.5c) ; wood- 
land suitability group P; wildlife suitability group 6; 
community development group 7. Pickford soil is in ca- 
pability unit IITw-2 (1c) ; woodland suitability group P; 


wildlife suitability group 6; community development 
group 7. 


Houghton Series 


The Houghton series consists of very poorly drained 
soils that developed in dark-colored, fibrous organic 
deposits more than 42 inches thick. These soils occur 
mainly along flowing streams and in shallow beds of old 
lakes, but some areas are scattered in very wet swales and 
potholes throughout the uplands. The native vegetation 
consisted mainly of marsh grasses, sedges, reeds, cattails, 
and other fibrous plants. A few herbaceous plants, willows, 
and elm trees occur. 

The surface layer is black muck about 6 inches thick. It 
has granular structure and is friable. 

Below the surface layer, and extending to a depth of 60 
inches or more the material consists of mucky peat and 
fibrous peat. This material is massive and is black, dark 
brown, very dark gray, and very dark grayish brown. 

Except in drained areas, a high water table saturates 
Foughton soils. These soils have moderately rapid per- 
meability and high available moisture capacity. The sup- 
ply of plant nutrients, especially micronutrients, is low. 
Cultivated areas are susceptible to soil blowing. 

Houghton soils are highly valued as cropland used for 
celery, mint, and other special crops, but artificial drain- 
age is necessary before crops can be grown. Controlled 
drainage is advisable because it reduces subsidence of the 
soil. ATl drainage, however, is diffienlt and costly. Many 
wreas are idle because outlets are lacking. Also needed are 
special mixtures of fertilizer. 

Typical profile of Houghton muck in SWY%4SEYNEY 
sec. 16, T. 10 N., R.15 W.: 


1—0O to 6 inches, black (10¥YR 2/1) muck; moderate, fine, 
granular structure; friable; medium acid; clear, wavy 
boundary. 

2—6 to 12 inches, dark-brown (10YR 8/3) mucky peat; mas- 
sive; friable; slightly acid; clear, wavy boundary. 

3—12 to 15 inches, black (10YR 2/1) colloidal peat that has 
many, fine, dark yellowish-brown (10YR 3/4) fibers; 
massive: slightly acid; clear, smooth boundary. 

4—15 to 45 inches, very dark gray (10YR 3/1) peat that has 
dark-brown (10YR 3/8) fibers; massive; friable; 
neutral; clear, wavy boundary. 

5—45 to 60 inches +, very dark grayish-brown (1OYR 3/2) 
fibrous peat; approximately 10 percent of horizon is 
light-gray (10YR 7/1) sand ; massive; friable; neutral. 


In some areas the surface layer of Houghton soils consists of only 
partly decomposed organic material and is lighter colored than 
that: in the profile described. The layers underlying the surface layer 
vary in color and thiekness and contain a few woody fragments. This 
soil is generally medium acid to slightly acid, but a few areas are 
strongly acid or neutral. In some areas, a 2- to 10-inch layer of 
loamy mineral material is at the surface. In the beds of old lakes, 
sandy material is just below a depth of 42 inches. 

Houghton soils have a lower content of woody fragments than 
Carlisle soils and thicker organic deposits than Tawas or Warners 
soils. Houghton soils are less stratified than Kerston soils and 
consist of more uniform material. 


Houghton peat and muck (0 to 2 percent slopes) (Ht}.— 
This soil lies in low, flat areas and in potholes or depressions 
in the outwash plain, lake plain, and till plain. It has a 
profile like the one described for the series, 

Included with this soil in the mapping were areas of 
Tawas muck. These areas consist of shallow deposits of 
peat over sandy material. Also included were scattered 
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spots of woody peat. None of these included areas greatly 
influences use and management. : 

This soil is wet and has high available moisture capacity. 
Natural fertility is low. toe 

Artificial drainage is required before this soil can be 
used as cropland. Drained areas are used for celery, mint, 
lettuce, onions, carrots, and other special crops. Corn is 
also grown. Care is needed to prevent overdrainage, for 
overdrainage increases susceptibility to soil blowing. Spe- 
cial mixtures of fertilizer are needed on this soil. 

Capability unit IIIw-15 (Mc); woodland suitability 
group U; wildlife suitability group 5; community devel- 
opment group 10. 


Kalkaska Series 


The Kalkaska series consists of well-drained sandy soils 
on low, long, narrow ridges that occur on the nearly level, 
wet outwash plain. A few areas are in the rolling sandy 
uplands, The native forest vegetation consisted of beech, 
maple, hemlock, white birch, and some blackgum. Many 
of the narrow ridges are in grasses, weeds, scattered 
sassafras, fire cherry, gum, and sumac. 

The surface layer is a mixture of black and gray sand 
about 4 inches thick. It has granular structure and 1s very 
friable. A subsurface layer of light-gray sand underlies 
the surface layer. It has subangular blocky structure and 
is very friable. 

The subsoil is sand about 16 inches thick. It is dark red- 
dish brown in the wpper part and yellowish red in the 
lower part. The subsoil has subangular blocky structure 
and is very friable. 

Underlying the subsoil, at a depth of about 26 inches, 
is light yellowish-brown sand. This material is single grain 
and loose. 

Kalkaska soils have rapid permeability and low availa- 
ble moisture capacity. The content of moisture is seldom 
adequate for crop growth, and plants are especially in need 
of moisture during dry summers, If cultivated, these soils 
are easily eroded by wind and water. They are of little 
value as cropland but are valuable as woodland. Many 
areas have been replanted to pine. 

Typical profile of Kalkaska sand in SEYASEY, sec. 15, 
T.9 N., R. 14 W., Ravenna Township: 

01—1 inch to 0, needles from jack pine. 

A1—0 to 4 inches, black (10¥YR 2/1) mixed with gray (10YR 
5/1) sand; very weak, fine, granular structure; very 
friable; very strongly acid; abrupt, irregular bound- 
ary. 

A2—4 to 10 inches, light-gray (10YR 6/1) sand; weak, coarse, 
subangular blocky structure; very friable; strongly 
acid; clear, wavy boundary. 

B2thir—10 to 15 inches, dark reddish-brown (2.5YR 3/4) 
sand; weak, medium, subangular blocky structure; 
very friable; very Strongly acid; clear, irregular 
boundary. 

B22ir—15 to 21 inches, dark-red (2.5YR 3/6) sand: weak, 
eoarse, subangular blocky structure; very friable; 
very strongly acid; clear, irregular boundary. 

B23ir—21 to 26 inches, yellowish-red (SYR 5/8) sand; weak, 
medium, subangular blocky structure; very friable; 
medium acid; clear, wavy boundary. 

C—26 inches +, light yellowish-brown (10YR 6/4) sand; single 
grain; loose; medium acid. 


In cultivated areas of Kalkaska soils the dark-colored sur- 
face layer and subsurface layer are mixed and form a dark- 
gray plow layer. The thickness of the subsurface layer ranges 
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from 2 to 12 inches, but this layer is absent in some areas. The 
surface layer and subsoil combined, range from 18 to 86 inches 
in thickness. Chunks of cemented material occur in the subsoil 
in some areas. The surface layer and subsoil range from very 
strongly acid to medium acid. 

The layers in the subsoil of Kalkaska soils are more de- 
veloped than those of the Rubicon soils but are less developed 
than those of the Wallace soils. Kalkaska soils lack the ce- 
mented layer in the subsoil that is typical of the Wallace soils. 

Kalkaska-Wallace sands, 2 to 6 percent slopes (KaB).— 
Kalkaska sand and Wallace sand generally occur together 
in such an intricate pattern that they could not be mapped 
separately. Each of these soils has a profile similar to the 
one described for its respective series. These two soils are 
somewhat similar, but the Wallace soil has a cemented 
layer in the subsoil, and the Kalkaska soil does not. The 
unit occupies gently sloping, narrow, long and low dune- 
like ridges within areas of the flat, wet outwash plain and 
lake plam. These soils are normally moderately well 
drained, although some higher positions are well drained. 

Included with these soils in ‘the mapping were eroded 
areas in which the surface layer consists of brownish 
former subsoil material and has a few chunks of cemented 
material on the surface. Also included were small areas of 
Au Gres and Saugatuck sands in some of the. shallow 
depressions and at their outer edges. In a few included 
areas, slopes are 6 to 12 percent. 

These soils have low available moisture capacity and 
natural fertility. They are susceptible to erosion. The 
cemented Jayer in the subsoil retards the penetration of 
roots in some places. 

These soils have little value as cropland, but they are 
valuable for their forest products. 

Capability unit VITs-1 (5a; 5a-h); woodland suit- 
ability group H; wildlife suitability group 8; community 
development group 3. 


Kawkawlin Series 


The Kawkawlin series consists of somewhat poorly 
dramed loamy soils that commonly occur on lower slopes 
and around the edges of depressions in the gently sloping 
to hilly areas of the southeastern part of the county. Some 
areas are on the level to gently sloping lake plain. Small 
areas are near Holton in the northeastern part of the 
county and west of Montague in the northwestern part. 
The native vegetation consisted of mixed hardwoods and 
conifers and included sugar maple, red maple, oak, iron- 
wood, birch, aspen, white pine, and hemlock. 

The surface layer is very dark gray loam about 10 inches 
thick. It has granular structure and is friable. 

The upper part of the subsoil is about 8 inches thick and 
consists of a mixture of the subsurface layer and material 
from the subsoil. The subsurface material is grayish-brown 
loam, and the subsoil material is yellowish-brown heavy 
loam. The lower part of the subsoil consists of reddish- 
brown or brown clay loam about 18 inches thick. This 
horizon is distinctly mottled with yellowish brown, grayish 
brown, and gray. It has angular blocky structure and is 
firm. 

Under the subsoil is light-gray clay loam mottled with 
gray or light olive brown. This material has angular 
blocky structure and is firm and calcareous. 

These soils have moderately slow permeability and high 
available moisture capacity. They are naturally fertile. 
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Artificial drainage is needed for maximum use in farming, 
but this drainage 1s not difficult. 

Typical profile of Kawkawlin loam in SWY,SE1, sec. 
14, T.9 N., R. 14 W., Ravenna Township: 


Ap—0 to 10 inches, very dark gray (10YR 3/1) loam; moder- 
ate, coarse, granular structure; friable; neutral; 
abrupt, smooth boundary. 

A2&B21t—10 to 18 inches, grayish-brown (10YR 5/2) loam 
representing the A2 horizon; yellowish-brown (10¥R 
5/6) heavy loam that has many, coarse, distinct mot- 


tles of brown (10YR 5/3) representing the B21t hori-. 


zon; weak, medium, subangular blocky structure; 
friable: medium acid; clear, irregular boundary. 

B22t—18 to 25 inches, reddish-brown, (SYR 4/8) clay loam that 
has common, medium, distinct mottles of yellowish 
brown (10YR 5/8) and many, coarse, distinct mottles 
of grayish brown (10¥R 5/2); moderate, medium, 
‘angular blocky structure; firm; slightly acid; clear, 
wavy ‘boundary. 

B23t—25 to 86 inches, brown (10YR 5/3) clay loam that has 
inany, fine, faint mottles of gray (1OYR 5/1) and 
many, medium, distinet mottles of yellowish brown 
(10YR 5/8); moderate, coarse, angular blocky struc- 
ture; firm; neutral; abrupt, irregular boundary. 

Cg—36 to 48 inches +, light-gray (10YR 7/1) clay loam that 
has common, mediun, faint mottles of gray (N 6/0) 
and common, coarse, distinct mottles of light olive 
brown (2.5Y 5/4); moderate, coarse, angular blocky 
structure ; firm; calcareous. 

Undisturbed areas of Kawkawlin soils have a very dark gray 
or very dark grayish-brown surface layer 2 to 5 inches thick. 
Tt ig underlain by a grayish-brownish layer 3 to 7 inches thick. 
Depth to mottling ranges from 6 to about 16 inches. The subsoil 
ranges from clay loam to silty clay loam or light clay. The 
profile is neutral to medium acid. Depth to the light-gray clay 
loam material ranges from 24 to 40 inches. In drainageways 
the surface layer is thicker than that described because loamy 
material from higher lying areas has been deposited on the 
surface, 

Kawkawlin soils occur near Nester, Belding, and Kent soils. 
They are more poorly drained and more highly mottled than 
Nester soils but are better drained and not so gray as the Sims 
soils. Texture is coarser in the Kawkawlin soils than it is in 
the Selkirk soils. 


Kawkawlin loam, 0 to 2 percent slopes (KkA).—This 
soil occupies lower parts of nearly level to gently undulat- 
ing lake plains m the northeastern part of the county and 
the nearly level upland depressions in the rolling land- 
scape in the southeastern part. 

Included with this soil in the mapping were small] areas 
of poorly drained, dark-colored soils. These included areas 
dry up slowly after prolonged rains in spring. 

This soil has no serious limitations to intensive row- 
cropping in drained areas. After this soil has been drained, 
the maintenance of organic matter and tilth is the main 
concern of management. 

Capability unit IIw-2 (1.5b); woodland suitability 
group Z; wildlife suitability group 3; community develop- 
ment group 4. 

Kawkawlin loam, 2 to 6 percent slopes (KkB)—This 
soil occupies the gentle slopes of the nearly level to gently 
sloping lake plain in the northeastern part of the county. 
It is also on the lower side slopes and foot slopes of the 
rolling landscape of the southeastern part. 

Included with this soil in mapping were many areas 
where so much of the original surface layer has been 
removed by water erosion that tillage mixes some of the 
clayey subsoil into the plow layer. In small spots, espe- 
cially those on the upper parts of slopes, the plow layer is 
made up entirely of clayey subsoil material. These small 
spots are better drained and lighter colored than the un- 


eroded Kawkawlin loam. The total acreage of the included 
areas is small. 

This soil generally requires some artificial drainage for 
best results. Because slopes are gentle, water ordinarily 
does not stand on tie surface. Exceptions are in the small 
depressional areas. Management is needed that provides 
control of water erosion. Also needed are practices for 
maintaining adequate amounts of organic matter. 

Capability unit IIw-8 (1.5b); woodland suitability 
group Z; wildlife suitability group 3; community devel- 
opment group 4. 

Kawkawlin and Selkirk loams, 0 to 2 percent slopes 
(KsA).—This mapping unit generally consists of Kawkawlin 
or Selkirk loam or silt loam, but areas of Kawkawlin loam 
are more extensive. Each of these soils has a profile simi- 
lar to the one described for its respective series. These soils 
occur in the nearly level areas of the gently undulating 
lake plain in the northeastern part of the county. 

The Kawkawlin soil and the Selkirk soil are similar in 
drainage, but the Selkirk soil generally has a silt loam plow 
layer and finer textured subsoil and substratum, The Kaw- 
kawlin loam has a plow layer only 7 inches thick in some 
places, but this layer is thicker and darker colored in low 
pockets. , 

Included with these soils in the mapping were areas of 
Sims loam. These areas were in some of the low pockets 
or depressions. Also included were eroded areas that have 
a dark-brown plow layer that is a mixture of the original 
surface layer and material from the subsoil. In these areas 
the plow layer is finer textured and contains less organic 
matter than that m noneroded areas, where the plow layer 
does not contain subsoil material. These inclusions are in 
areas of the Kawkawlin soil. 

Also included, in areas of Selkirk loam, were some se- 
verely eroded areas that have a clay loam or silty clay loam 
plow layer. Included in small, slight depressions were Pick- 
ford soils. Other areas havo a black plow layer that is high 
in content of organic matter. 

Most areas of this mapping unit have been drained and 
are used for hay, grain, and pasture. The Selkirk soil is 
harder to drain ‘than the Kawkawlin. The finer texture of 
the Selkirk soil makes it better suited to hay and _pas- 
ture than to grain. Some undrained areas of Selkirk soil 
remain wooded. 

Kawkawlin soil is in capability unit TIw-2 (1.5b) ; 
woodland suitability group Z; wildlife suitability group 
3; community development group 4. Selkirk soil is in capa- 
bility unit ITTw-2 (1b); woodland suitability group Z; 
wildlife suitability group 8; community development 
group 4. 

Kawkawlin and Selkirk loams, 2 to 6 percent slopes 
(Ks8).—This mapping unit is made up of either Kawkawlin 
loam or Selkirk loam, but Kawkawlin loam is most exten- 
sive. Each of these soils has a profile similar to the one de- 
scribed for its respective series. These soils occur on the 
gentle slopes of the nearly level to gently undulating lake 
plain in the northeastern part of the county. Other areas 
are on the lower slopes and gently sloping sides of natural 
drainageways in the gently undulating to rolling till plain 
in the southeastern and northwestern parts of the county. 

The Kawkawlin soil and the Selkirk soil are similar in 
drainage, but the Selkirk soil generally has a very dark 
grayish-brown loam or clay loam plow layer and is finer 
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textured in the subsoil and substratum. The plow layer of 
the Kawkawlin soil is dark-gray or dark grayish-brown 
loam and is generally about 7 inches thick. 

Included with these soils in the mapping were small 
areas of Sims soils in shallow depressions, Also included, 
on the upper parts of slopes, were areas of Nester and of 
Menominee soils. In a few small included areas the surface 
layer is sandy loam or loamy sand. These included soils 
are in areas that are mainly Kawkawlin soils. 

Also included in mapping, in areas of Selkirk soils, were 
areas of Pickford soils in small depressions and, at the 
upper parts of slopes, areas of Kent soils. Some of the 
upper parts of slopes were severely eroded and have a plow 
layer that is reddish-colored to grayish-brown clay loam 
or silty clay. The substratum is calcareous and 1s 18 to 24 
inches below the surface. Soils in a few shallow, eroded 
drainageways are also included. Although the inclusions in 
this mapping unit vary in characteristics, they are so small 
that they are not managed separately. : 

Most areas of this mapping unit have been drained and 
are used for hay, grain, and pasture. The finer texture of 
the Selkirk soil makes it better suited to hay and pasture 
than to grain. The Selkirk soil is harder to drain than the 
Kawkawlin. Many areas are not suited to a complete 
drainage system, but random drainage and surface drain- 
age are helpful in level areas. Some undrained areas of 
Selkirk soil remain wooded. 

Kawkawlin soil is in capability unit IIw-2 (1.5b); 
woodland suitability group Z; wildlife suitability group 
3; community development group 4. Selkirk soil is in 
capability umit ITIw-2 (1b); woodland suitability group 
Z; wildlife suitability group 3; community development 
group 4. 


Kent Series 


The Kent series consists of well drained and moderately 
well drained, medium-textured soils that occupy short, 
steep breaks in gently sloping areas of the lake plain. The 
native vegetation consisted of northern hardwoods and 
some conifers and included hard maple, red oak, and 
beech and some elm, hemlock, and white pine. 

These soils have a dark grayish-brown silt loam sur- 
face layer about 10 inches thick. This layer has granular 
structure and is friable. 

The subsoil is strong-brown and reddish-brown silty 
clay and clay that is mottled or coated with reddish brown 
in the lower part. It has angular blocky structure and is 
very firm. 

Underlying the subsoil, at a depth of about 29 inches, 
is reddish-brown silty clay that is distinctly mottled with 
yellow, pinkish gray, and yellowish red. This material has 
angular blocky structure and is very firm and calcareous. 

Water and air move slowly through these moderately 
fine textured soils. Natural fertility and available moisture 
capacity are high. Because slopes are steep and erosion 
is a hazard, these soils are used mainly for hay crops or 
permanent pasture. 

Typical profile of Kent silt loam in SWY448SWYNWY, 
sec, 18, T. 12 N., R.15 W.: 

Ap—0 to 10 inches, dark grayish-brown (10YR 4/2) silt loam; 


moderate, coarse, granular structure; friable; slightly 
acid; abrupt, smooth ‘boundary. 


B21—10 to 17 inches, strong-brown (7.5YR 5/8) silty clay that 
has many, medium, distinct mottles of reddish brown 
(5¥R 5/3 or 5/4) and light yellowish brown (10YR 
6/4) ; moderate, medium, angular blocky structure; 
very firm ; medium acid; clear, irregular boundary. 

B22—17 to 29 inches, reddish-brown (5YR 4/4) clay that has 
many, fine, faint coats of reddish brown (SYR 5/3); 
strong, fine, angular blocky strueture; very firm; 
slightly acid; abrupt, wavy boundary. 

C—29 to 36 inches +, reddish-brown (5YR 5/8) silty clay that 
has many, medium, distinct mottles of yellow (10YR 
7/6), pinkish gray (75YR 6/2), and yellowish red 
(5YR 5/6) ; strong, medium, angular blocky structure; 
very firm ; caleareous. 


Undisturbed areas of Kent soils have a very dark gray or 
very dark grayish-brown surface layer 1 to 4 inches thick. This 
layer is underlain by a grayish-brown or brown layer that is 
1 ‘to 4 inches thick. The combined thickness of the surface layer 
and upper part of the subsoil ranges from 25 to about 84 inches. 
In some areas in the northeastern part of the county, layers 
of silt, less than 6 inches thick, are in the soil profile. 

Kent soils are finer textured than Nester soils and are better 
drained than Selkirk soils. 

Kent silt loam, 25 to 45 percent slopes (KtE).—This soil 
occupies the short, steep slopes along streams that have cut 
into the gently sloping lake plain. It is near areas of 
Allendale soils and Selkirk soils. 

The surface soil is a dark gray to a very dark grayish 
brown. Mottling is closer to the surface than is typical of 
this series. Depth to calcareous material ranges from 25 to 
34 inches. 

Included with this soil in the mapping were small areas 
that have slopes of less than 25 percent. These included 
areas do not greatly influence use and management. 

Water moves slowly through this soil. Many small areas 
are wet where water moves laterally and seeps out at the 
surface. This soil is too steep to be used as cropland. The 
steep slopes limit the use of machinery. In cultivated 
areas runoff is very rapid and severe water erosion is likely. 
Some areas are used for pasture, and others support a 
second growth of mixed hardwoods. 

Capability unit VITe-1 (1a); woodland suitability 
group B; wildlife suitability group 9; community develop- 
ment group 1. 


Kerston Series 


The Kerston series consists of very poorly drained soils 
in which layers of organic material alternate with layers 
of mineral material. These soils occupy the lowest areas of 
stream bottoms and are flooded when the streams are high. 
A considerable acreage of these soils occurs along the 
Muskegon River where it flows into Muskegon Lake, along 
the branches of the White River near Montague, and along 
other streams in the county. The native vegetation con- 
sisted of alder, elm, red maple, white-cedar, and hemlock. 

The upper part of the surface layer is black muck about 
10 inches thick. The lower part is very dark grayish brown 
and consists of muck mixed with sandy material and is 
about 6 inches thick. The surface layer is friable. 

Below the surface layer are alternate layers of sand and 
muck. The sand is dominantly gray, single grain, and loose. 
The muck is black or very dark gray, massive, and friable. 
In some places the Jayer of muck makes up about 75 per- 
cent of the total thickness of Kerston soils. 

Air and water move through these soils at a moderately 
rapid rate. Available moisture capacity is moderately high, 
but natural fertility is low. The water table is at the sur- 
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face or within 1 foot of the surface throughout most of 
the year. 

A considerable acreage of these soils along the White 
and Muskegon Rivers is drained and planted to celery, 
lettuce, onions, and other crops of high value. These soils 
are difficult to drain and are subject to flooding. Crops are 
susceptible to damage by frost in spring. 

Typical profile of Kerston muck in SWY,SEY,SEV, sec. 
15, T. 12 N., R. 17 W.: 


1—0 to 10 inches, black (10YR 2/1) muck ; weak, medium, platy 
structure; friable; slightly acid; clear, smooth 
boundary. 

2—10 to 16 inches, very dark grayish-brown (10YR 3/2) muck 
and very dark gray (10¥YR 3/1) sand mixed together; 
weak, coarse, subangular blocky structure; friable; 
medium acid; abrupt, irregular boundary, 

3—16 to 18 inches, light brownish-gray (1OYR 6/2) sand that 
has many, medium, distinct mottles of dark gray 
(10YR 4/1); single grain; loose; medium acid; 
abrupt, smooth boundary. 

4—18 to 22 inches, black (1OYR 2/1) muck containing grayish- 
brown (10YR 5/2) stems of plants; massive; friable; 
medium acid; abrupt, smooth boundary. 

22 to 25 inches, dark-gray (1OYR 4/1) sand that has many, 
fine, faint mottles of gray (1O0YR 5/1) and many, 
medium, distinct moettles of very dark gray (10YR 
3/1); considerable organie material; very weak, 
coarse, subangular blocky structure; very friable; 
slightly acid; abrupt, smooth boundary. 

6—-25 to 29 inches, gray (10YR 5/1) sand that has many, 
medium, faint mottles of light brownish gray (10YR 
6/2); single grain; loose; slightly acid; abrupt, 
smooth boundary. 

7—29 to 34 inches, very dark gray (10YR 3/1) muck that has 
many, medium, faint mottles of very dark brown 
(10YR 2/2); massive; friable; neutral; abrupt, 
smooth boundary. 

8—84 to 40 inches +, olive-gray (SYR 4/2) coarse sand that 
has many, medium, distinct mottles of very dark gray 
(SY 38/1); some organic materials; single grain; 
loose; neutral. 


The muck surface layer of Kerston soils ranges from 6 to 
about 20 inches in thickness, The thickness of the alternate 
layers of muck and mineral material ranges from 2 to 12 
inches. The mineral horizons are dominantly sand but are 
loamy sandor Sandy loam in some areas. 

Kerston soils are in sites similar to those of Sloan soils 
but have layers of organic material that are lacking in Sloan 
soils. The layers of organic material in the Kerston soils are 
thinner than those in the Carlisle and Houghton soils. 

Kerston muck (0 to 2 percent slopes) (Ku).—This soil 
is in depressions or in ponded areas on first bottoms along 
flowing streams. It is most extensive near the mouth of 
the Muskegon and White Rivers. 

Included with this soil in the mapping were some areas 
of Roscommon sand and coarse-textured alluvium that 
make up as much as 25 percent of the area mapped. 

Much management is needed on this soil before it can 
be used for crops. Optimum yields are difficult to obtain 
unless artificial drainage is provided. Overdrainage ac- 
celerates erosion and the decomposition of the organic 
matter. Ferility is low, and in many places special mixtures 
of fertilizer are required. Available moisture capacity, 
however, is moderately high. 

Where this soil is diked and drained, celery, onions, 
and other special crops are grown. Other areas are covered 
with second-growth forest consisting of elm, ash, soft 
maple, and brush. Cleared areas that are frequently 
flooded and remain flooded for long periods are used for 
pasture. 


Capability unit I1Iw-12 (L-Mc) ; woodland suitability 
group O; wildlife suitability group 5; community develop- 
ment group 10. 


Lake Beaches 


Lake beaches {la) occur both along inland lakes and 
along Lake Michigan. Slopes range from 0 to 12 percent. 
The soil material is light-colored sand that is not in definite 
layers, as are the layers in the Deer Park and Rubicon 
soils. ‘The sand ranges from grayish brown to light gray. 
Because Lake beaches extend from the edge of the water 
to elevations of as much as 15 feet above the level of the 
lake, their water table ranges from very shallow to deep. 
The lowest parts of these beaches, particularly when the 
lakes are at a high level, are intermittently covered with 
water. The beaches along Lake Michigan are calcareous, 
but those along Mona Lake and Wolf Lake are not. 

In most places Lake beaches slope gently toward the 
lake, but slopes are short and steep in some areas. In the 
driest areas the pattern of low humps and pits is changed 
by the wind. Beachgrass grows near the edge of the water 
in some areas, and a few scattered trees are present. Recrea- 
tion is the main use; cottages have been built in a few areas. 

Capability unit VITIs-1 (Sa); woodland suitability 
group Y; wildlife suitability group 4; community devel- 
opment group 3. 


Mancelona Series 


The Mancelona series consists of well-drained sandy soils 
that are underlain by calcareous stratified sand and gravel 
at a depth of 18 to 42 inches. These soils are in the gently 
sloping and rolling, water-worked, sandy area in the south- 
eastern part, of the county. The native vegetation consisted 
mainly of mixed hardwoods and conifers and included 
oaks, maple, aspen, white pine, and red pine. The present 
vegetation is mainly grasses and weeds, and there is some 
second-growth aspen and oak. 

The surface layer is very dark grayish-brown loamy 
sand about 7 inches thick. It has granular structure and 1s 
very friable. 

The subsoil is dominantly brown, yellowish brown, or 
dark yellowish brown. The upper and lower parts are very 
friable loamy sand, but the middle part is firm sandy clay 
loam about 9 inches thick. The lower part contains pebbles 
and cobbles as much as 6 inches in size. The subsoil is sub- 
angular or angular blocky. 

Below the subsoil, at a depth of about 36 inches, is strati- 
fied sand and gravel. This material is single grain, loose, 
and calcareous. 

Mancelona soils have moderately rapid permeability and 
low available moisture capacity. Their supply of plant nu- 
trients is low. These soils have many gravel pits and are 
used mainly as sources of sand and gravel. 

In this county Mancelona soils are mapped only in com- 
plexes with Chelsea soils. 

Typical profile of Mancelona loamy sand in SEY, sec. 33, 
T. 10 N., R. 13 W., Casnovia Township: 


Ap—0 to 7 inches, very dark grayish-brown (10¥YR 3/2) loamy 
sand; weak, coarse, granular structure; very friable; 
medium acid; abrupt, smooth boundary. 

Bir—7 to 17 inches, brown (7.5YR 4/4) loamy sand; weak, 
medium, subangular blocky structure; very friable; 
strongly acid; clear, wavy boundary. 
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B’2t—17 to 26 inches, dark yellowish-brown (10Y'R 4/4) sandy 
clay loam; weak, medium, angular blocky structure; 
firm; medium acid; clear, irregular boundary. 
to 36 inches, yellowish-brown (10Y¥R 5/4) loamy 
sand streaked with grayish brown (10YR 5/2) and 
yellowish brown (10YR 5/8); weak, coarse, sub- 
angular blocky structure; very friable; slightly acid; 
eontains cobbles as much as 6 inches in diameter; 
abrupt, irregular boundary. 
TIC1—26 to 41 inches, prle-brown (10YR 6/8) coarse sand; 
single grain; loose; calcareous; clear, wavy boundary. 
IIIC2—41 to 60 inches +, very pale brown (1OYR 7/8) strati- 
fied sand and gravel; single grain; loose; calcareous. 
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In undisturbed areas Mancelona soils have a very dark gray 
or very dark grayish-brown surface layer 2 to 5 inches thick. 
It is underlain by a grayish-brown or light brownish-gray layer 
2 to 6 inches thick. The layer of sandy clay loam in the sub- 
soil ranges from dark yellowish brown to dark brown or strong 
brown. Its texture ranges from sandy clay loam to clay loam, 
and its thickness ranges from 6 to 10 inches. Above the strati- 
fied sand and gravel, the material ranges from strongly acid 
to slightly acid. The stratified sand and gravel are calcareous. 
Depth to stratified sand and gravel ranges from 24 to about 
36 inches. The stratifted material is dominantly sand, dom- 
inantly gravel, or stratified sand and gravel. 

Mancelona soils have a finer textured subsoil than the Chel- 
sen or Montcalm soils. Mancelona soils are underlain by 
coarser sand and gravel than are Rubicon soils and have a 
finer textured subsoil. 


Marsh 


Marsh (Ma} is made up of old bayous and wet areas 
along streams that empty into Lake Michigan and of very 
wet, inland areas, Slopes range from 0 to 2 percent. The 
vegetation consists of cattails, sedges, water weeds, and 
a few clumps of tamarack, willow, elder, and other water- 
tolerant trees. The soil material is a very friable, finely 
divided peat. It is saturated during the entire year. 

Most Marsh is used only by wildlife. Waterfowl, musk- 
rats, and other water-loving wildlife use the areas for nest- 
ing and shelter. A few of these areas have been diked and 
artificially drained and are now producing flowers, bulbs, 
celery, onions, and other special crops. Draining these 
areas so that they can be used as cropland is very expen- 
sive. It is advisable to make special studies to determine 
the feasibility of drainage. 

Capability unit VITIw-1 (Sc); woodland suitability 
group U; wildlife suitability group 5; community develop- 
ment group 10. 


Menominee Series 


The Menominee series consists of well drained and mod- 
erately well drained, sandy soils. These soils are scattered 
in gently sloping to rolling areas in the southeastern, 
northeastern, and northwestern parts of the county. They 
developed in sandy deposits that are underlain by loamy 
material at a depth of 18 to 42 inches. The native vegeta- 
tion consisted of mixed hardwoods and conifers and 
included sugar maple, beech, ash, oak, hickory, and white 
pine. 

The surface layer consists of very dark grayish-brown 
loamy sand that has granular structure and is very friable. 
Tt is about 3 inches thick. The subsurface layer, about 4 
inches thick, is dark-gray loamy sand that has subangular 
blocky structure and is very friable. 

The upper part of the subsoil is loamy sand and sand 
about 11 inches thick. In most places it is strong brown 


or yellowish brown, has subangular blocky structure, and 
is very friable. The lower part is yellowish-red clay loam 
about 8 inches thick. It has angular blocky structure and 
is firm. Between the upper and lower parts of the subsoil 
is brownish-yellow and light yellowish-brown, loose sand 
about 15 inches thick. The lower part of the subsoil is 
mottled with pinkish gray. 

Below the subsoil, at a depth of about 41 inches, is 
yellowish-red clay loam that is massive, firm, and 
calcareous. 

These soils are rapidly permeable to water in their up- 
per sandy part and are moderately slowly permeable in 
their lower part. These soils are low in natural fertility 
and are droughty during dry periods. They have mod- 
erately low available moisture capacity. 

Most of the acreage of these sotls is cleared and cul- 
tivated. The main concerns of management are low fer- 
tility, droughtiness, soil blowing, and water erosion. 

Typical profile of Menominee loamy sand in SEI4SEYy, 
SEY, sec. 15, T. 10 N., R. 14 W., Moorland Township: 


Al1—O to 3 inches, very dark grayish-brown (10YR 3/2) loamy 
sand; weak, medium, granular structure; very fri- 
able; neutral; abrupt, wavy boundary. 

A2—8 to 7 inches, dark-gray (10YR 4/1) loamy sand; weak, 
medium, subangular blocky structure; very friable; 
medium acid; clear, irregular boundary. 

B21lir—7 to 11 inches, strong-brown (7.5YR 5/8) loamy sand; 
weak, medium, subangular blocky structure; very 
friable; strongly acid; clear, irregular boundary. 

B22ir—11 to 18 inches, yellowish-brown (10YR 5/8) sand; 
weak, coarse, subangular blocky structure; very fri- 
able; medium acid; clear, wavy boundary. 

B3—18 to 26 inches, brownish-yellow (10YR 6/6) sand; single 
grain; loose; medium acid; gradual, diffuse boundary. 

A‘2—-26 to 33 inches, light yellowish-brown (10YR 6/4) sand 
that has many, fine, distinct mottles of strong brown 
(7.5¥R 5/8); single grain; loose; slightly acid; 
abrupt, wavy boundary. 

IIB’t—33 to 41 inches, yellowish-red (SYR 4/8) clay loam that 
has many, nedium, distinct mottles of pinkish gray 
(7.5Y¥R 6/2) ; weak, coarse, angular blocky structure; 
firm; neutral; abrupt, wavy boundary. 

IIC-—41 to 48 inches +, yellowish-red (5YR 4/8) clay loam; 
massive; firm: calcareous. 


In cultivated areas of Menominee soils the surface layer 
and part or all of the subsurface layer are mixed together 
into a loamy sand plow layer that is very dark grayish brown 
or dark grayish brown and 6 to 10 inches thick. The texture 
of the underlying loamy substratum ranges from clay loam 
to silty clay loam. 

Menominee soils have coarser textured upper layers than 
Ubly soils and coarser textured lower layers than Allendale 
soils. Menominee soils lack the cemented layer in the subsoil 
that is present in the Ogemaw soils and are somewhat better 
drained. 

Menominee and Ubly soils, 2 to 6 percent slopes 
(MeB).—In most areas of these soils, either Menominee 
Jonmy sand or Ubly sandy loam is dominant, but. a few 
areas contain nearly equal proportions of both soils. These 
soils are somewhat similar, but Menominee loamy sand has 
a coarser textured plow layer and subsoil than the Ubly 
soil. Each of these soils has a profile similar to the one 
described for its respective series. 

In areas that contain Menominee loamy sand and Ubly 
sandy loam in wbout equal proportions, the Menominee 
loamy sand is on the upper parts of slopes and is well 
drained. Ubly sandy loam is generally on the gentle side 
slopes and is moderately well drained. 
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In the Menominee and Ubly soils, clay loam underlies 
sandy material at a depth of 18 to 42 inches. Water moves 
rapidly or moderately rapidly through the sandy upper 
part, but it moves moderately slowly through the finer 
textured lower part. In many places water that seeps along 
the tops of the clay loam layer causes wet spots in both 
the Menominee and Ubly soils. 

Areas of Menominee loamy sand have a very dark 
grayish-brown. loamy sand surface layer. These areas are 
generally moderately well drained, and there is faint 
mottling in the lower part of the sandy subsoil. The 
crests and upper paris of the gentle slopes are somewhat 
better drained, and in these areas the subsoil is not 
mottled. 

Areas of Ubly sandy loam have a very dark grayish- 
brown sandy loam surface soil. The sandy loam lower sub- 
soil in these areas is faintly mottled with brown and 
grayish colors, an indication of moderately good drain- 
age. The crests and upper parts of slopes are well drained, 
and in these areas the subsoil is not mottled. 

Included with these soils in the mapping were areas of 
Rubicon soils that have a loamy substratum and Nester, 
Kawkawlin, Belding, and Au Gres soils, Also included 
were small areas at the top of hills that are moderately 
eroded, areas that have slopes of 0 to 2 percent, and areas 
that have slopes of 6 to 12 percent. 

The included Rubicon soils are in areas where clay loam 
is below a depth of 42 inches. Nester and Kawkawlin 
soils are in areas where the clay loam is near the surface. 
The Belding and Au Gres soils are in the wetter, darker 
colored areas at the lower parts of slopes of less than 2 
percent. In some places Belding soils make up 80 percent 
of these lower parts of slopes. 

This mapping unit is used for the crops generally 
grown in the county. Many areas are used for hay and 
pasture, and a few are idle. 

Menominee soil is in capability unit ITIs4 (4/2); 
woodland suitability group C; wildlife suitability group 
9; community development group 2. Ubly soil is in capa- 
bility unit Tle-3 (3/2a); woodland suitability group A; 
wildlife suitability group 9; community development 
group 2. 

Menominee and Ubly soils, 6 to 12 percent slopes 
(MeC).—This mapping unit occupies moderately steep 
hillsides and ridges in the northwestern and southeastern 
parts of the county. It consists of Menominee loamy sand 
and Ubly sandy loam, but some mapped areas consist, of 
only one of these soils. These soils are somewhat similar, 
but the Menominee loamy sand has a coarser textured 
plow layer and subsoil than the Ubly soil. Each of these 
soils has a profile similar to the one described for its re- 
spective series. 

In these soils the clay loam material underlies the sand, 
material at a depth of 18 to 42 inches or more. Permeabili- 
ty to water is rapid or moderately rapid in the sandy ma- 
terial and is moderately slow in the finer textured material. 
In areas of Ubly sandy loam, the clay loam material is at 
a depth of more than 24 inches in only a few places, and 
in some places it is within 18 inches of the surface. 

Included with these soils in mapping were areas of Ru- 
bicon, Nester, and Belding soils. Also included were 
eroded areas in which light-colored clay loam is at the 
surface. 


The included Rubicon soils are in areas where the clay 
loam material dips below a depth of 42 inches. The in- 
cluded Nester soils are in areas on the crests of slopes 
where the clay loam is near the surface. Some of these 
areas are eroded and have a plow layer of reddish-brown 
clay loam. Nester soils are generally adjacent to Menomi- 
nee loamy sand. Belding soils are normally at the lower 
paris of slopes in wet, seepy spots. They are adjacent to 
Ubly sandy loam. 

Because of the slopes, these soils are best suited to long- 
term rotations in which meadow is grown for much of 
the time. 

Menominee soil is in capability unit HTe-9 (4/2a) ; 
woodland suitability group C; wildlife suitability group 
9; community development group 2. Ubly soil is in capa- 
bility unit I1Ie-9 (8/22) ; woodland suitability group A; 
wildlife suitability group 9; community development 
group 2. 


Montcalm Series 


The Montcalm series consists of well-drained sandy soils. 
These soils are in nearly level to steep areas of the till 
plains and moraines in the eastern and northwestern parts 


_of the county. In most areas the native vegetation con- 


sisted of mixed hardwoods, such as oak, hickory, and hard 
maple. Other areas supported nearly pure stands of white 
pine. 

These soils have a very dark grayish-brown loamy sand 
surface layer about 11 inches thick. It has granular struc- 
ture and is very friable. 

The upper part of the subsoil is yellowish-brown loamy 
sand about 7 inches thick, It has subangular blocky struc- 
ture and is very friable. Below this, to a depth of 60 inches 
or more, there are alternate layers of sand and sandy Joam 
ov loamy sand. The layers of sand are pale brown or yel- 
lowish brown, single grain, and loose. The layers of loamy 
sand and sandy loam are dark brown, massive, and very 
friable. 

Montcalm soils have moderately rapid permeability and 
moderately low available moisture capacity. Natural fer- 
tility is moderately low to low. The main concerns in. man- 
aging these soils are drought, low fertility, soil blowing, 
and water erosion. Because the available moisture capac- 
ity 1s low, the growth of plants is slowed by Jack of mois- 
ture. Crop yields are seriously reduced during dry 
summers. 

Typical profile of Montcalm loamy sand in SE, sec. 
33, T.10 N., R. 13 W. 

Ap—0 to 11 inches, very dark grayish-brown (10YR 3/2) 
loamy sand; weak, coarse, granular structure ; very 
friable; slightly acid; abrupt, smooth boundary. 

Bir—11 to 18 inches, yellowish-brown (10¥R 5/8) loamy sand ; 
weak, medium, subangular blocky structure; very 
friable; medium acid; clear, wavy boundary. 

B’2it—18 to 26 inches, dark-brown (7.5¥R 4/4) sandy loam; 
moderate, medium, subangular blocky structure; fri- 
able; medium acid; clear, wavy boundary. 

A’2—26 to 36 inches, yellowish-brown (10YR 5/4) sand; single 
grain; loose; slightly acid; abrupt, wavy boundary. 

B’22t—36 to 40 inches, dark-brown (7.5YR 4/4) sandy loam; 
massive; friable; slightly acid; clear, wavy boundary. 

A’2&RB’'t—40 to 60 inches +, pale-brown .(10YR 6/8) sand 
representing the A’2 horizons; bands, 1 to 3 inches 
thick, of dark-brown (T.5YR 4/4) loamy sand repre- 
senting the B’t horizons; the A’2 horizons are single 
grain; loose; medium acid. The B’t horizons are mas- 
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sive; very friable; medium ‘acid: abrupt, wavy bound- 
aries; alternating horizons continue to a depth of 
8 feet or more. 

Undisturbed areas of Montcalm soils have a very dark gray 
or very dark grayish-brown loamy sand surface layer 1 to 
4 inches thick, It is underlain by light-gray or gray loamy sand 
8 to 8 inches thick. The depth to the first layer of sandy loam 
ranges from about 16 to 40 inches. The thin layer of sandy loam 
that occurs below the first layer in the subsoil ranges from 14 
inch to 8 inches in thickness. Between the layers of sandy loam 
(B’21t and B’22t) are layers of coarser textured material that 
range from 2 to 12 inches in thickness. The finer textured 
material is light sandy clay loam in some areas. Gravel occurs 
below a depth of 42 inches in some areas. 

Montealm soils have thicker, generally finer textured layers 
in the subsoil than the Chelsea soils. They are similar to the 
Mancelona soils in drainage but lack the stratified sand and 
gravel that underlie those soils. 

Montcalm and Chelsea soils, 2 to 6 percent slopes 
(MhB).—This mapping unit consists of areas of Montcalm 
loamy sand and Chelsea sandy loam. Some areas are made 
up almost entirely of either soi]. Hach of these soils has a 
profile similar to the one described for its respective sertes. 
These soils are mainly in the eastern quarter of the county, 
but a few areas are in the northwestern part. Areas of these 
soils are generally rolling. In these areas the Montealm 
and Chelsea soils are on gentle slopes and side slopes and 
the rounded crests of small sandy hills. 

Included with these soils in the mapping were areas 
where clay loam material is generally ata depth of 24. to 
60 inches. In some eroded areas, this clay loam is within 
24. inches of the surface. Also included, near the top and 
the bottom of the hillsides, were small areas that have 
slopes of 6 to 12 percent. These included areas have a sur- 
face layer of loamy sand that is lihter colored than that. 
of the Montcalm or Chelsea soils. Use and management of 
all these inclusions are similar to those of Montcalm and 
Chelsea. soils. 

These soils are permeable to water and air. They have a 
low natural supply of plant nutrients and are low or mod- 
erately low in available moisture capacity. The Montcalm 
soil is finer textured than the Chelsea soil and generally is 
more productive. 

These soils are easily eroded by wind and water. They 
are best suited to long-term rotations that provide a high 
proportion of meadow or hay crops. 

Montcalm soil is in capability unit TTIs-4 (4a) ; wood- 
land suitability group C; wildlife suitability group 7; 
community development group 3. Chelsea soil 1s in capabil- 
itv unit [Vs-2 (5a) ; woodland suitability group E; wild- 
life suitability group 7; community development group 3. 


Nester Series 


The Nester series consists of well drained and moder- 
ately well drained soils that developed in limy clay loam 
material. These soils occupy rolling to hilly areas on till 
plains and moraines (fig. 4). They occur in the southeast- 
ern and northwestern parts of the county and, to a lesser 
extent, in the northeastern part. The native vegetation con- 
sisted mostly of mixed hardwoods, dominantly sugar ma- 
ple, beech, and ash, but there were also some hemlock, white 
pine, and red oak trees. 

The surface layer is very dark grayish-brown loam about 
5 inches thick. It has granular structure and is friable. A 
subsurface layer of grayish-brown loam occurs above the 
subsoil. 


SOIL SURVEY 


The subsoil is mainly. dark reddish-brown or reddish- 
brown clay loam that is firm and has mainly angular blocky 
structure. The upper part of the subsoil is a mixture of the 
material from the subsurface layer and the subsoil. 

Brown clay loam wnderlies the subsoil. It is angular 
blocky, firm, and calcareous. 

Nester soils make wp some of the best cropland in the 
county. These soils ave naturally fertile and have high 
available moisture capacity and moderately slow perme- 
ability. Many of the orchards in the county are on these 
soils. Management is needed to control water erosion and 
to maintain fertility and the content of organic matter. 

Typical profile of Nester loam NEYNEI, sec. 26, T. 10 
N., R.13 W., Casnovia Township : 


Ap—O to 5 inches, very dark grayish-brown (10YR 8/2) loam; 
weak, medium, granular structure; friable; neutral; 
abrupt, smooth boundary. 

A2—5 to 10 inches, grayish-brown (10YR 5/2) loam; weak, 
medium, subangular blocky structure ; friable; slightly 
acid; clear, irregular boundary, 

A2&B21—10 to 14 inches, grayish-brown (10YR 5/2) loam (A2) 
and reddish-brown (5YR 4/4) clay loam (B21); 
moderate, medium, subangular blocky structure; firm; 
slightly acid; clear, irregular boundary. 

B22—14 to 36 inches, dark reddish-brown (5YR 8/4) clay loam; 
strong, medimn, angular blocky structure; firm; thin 
clay films on many peds; slightly acid; abrupt, wavy 
boundary. 

C—36 to 48 inches ++, brown (7.5YR 5/4) clay loam; moder- 
ate, medium, angular blocky structure; firm; cal- 
carcous. 

Undisturbed areas of Nester soils have a very dark grayish- 
brown or very dark gray surface layer 2 to 5 inches thick. The 
subsurface layer described in the typical profile is missing in 
some places. The subsoil ranges from clay loam to silty clay 
loam or clay. Mottling occurs between depths of 80 and 42 
inches. Depth to the calcareous underlying material ranges 
from about 20 to 40 inches. The surface layer and swbsoil range 
from slightly acid to medium acid, but below 86 inches the 
material is calcareous. 

Nester soils are similar to the Kent soils in drainage but are 
coarser textured. They are better drained and less mottled 
than Kawkawlin soils and have a finer textured subsoil than 
Ubly soils, 

Nester loam, 2 to 6 percent slopes (NeB).—This gently 
sloping soil is in the southeastern and northwestern parts of 
the county. On the lower slopes and in wooded areas, the 
surface layer is darker colored than it is in other places. 
This soil is deep, is naturally fertile, and has high available 
moisture capacity. 

Included in mapping were eroded areas that have a sur- 
face Jayer made up largely of clay loam from the subsoil. 
A few spots on the upper parts of slopes have been eroded 
by very small rills. Also included were small uneroded 
nearly Jevel areas alorig the tops of the slight slopes, In 
other included areas the plow layer ts sandy loam. None of 
these inclusions greatly influences the use and management 
of this soil. 

This soil is one of the best in the county for crops and is 
suited to most crops commonly grown. A large acreage 
that has good air drainage is planted to fruit trees. Man- 
agement is needed mainly for maintaining fertility and 
organic matter and for controlling erosion, 

Capability unit TIe-1 (1.50); woodland suitability 
group B; wildlife suitability group 9; community devel- 
opment group 1. 

Nester loam, 6 to 12 percent slopes (NeC).—This soil 
occupies rolling hillsides in the southeastern and north- 
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Figure 4—Contour stripcropping in a typical area of Nester soils. 


western parts of the county. It is also in the northeastern 
part on short slopes where smal] waterways have cut the 
nearly level to gently sloping lake plain. This soil is deep, 
is naturally fertile, and has high available moisture 
capacity. 

Included with this soil in the mapping, m the southeast- 
ern and northwestern parts of the county, were areas where 
slopes are 2 to 6 percent. These slopes are generally dome 
shaped, but some areas are bow] shaped. The bow]l-shaped 
areas have slight accumulations of transported material on 
the surface and are wet in spots. Some areas, especially 
those near the tops of slopes, have been eroded, and the 
brownish subsoil is exposed at the surface. Also included 
were small areas of Ubly sandy loam or Menominee loamy 
sand in which thin sandy deposits overlie clayey material. 
These inclusions do not have a large total acreage, and they 
do not affect the use and management of this soil. 

This soil has been cleared and cultivated. Much of it is in 
apple and peach orchards. Common grain and forage crops 
are also grown, Because slopes are generally strong, this 
soil is best suited to rotations and management practices 
that control erosion. 

Capability unit IIIe4 (1.52); woodland suitability 
group B; wildlife suitability group 9; community develop- 
ment group 1. 

Nester sandy loam, 6 to 12 percent slopes (NrC).—This 
soil occupies rolling hillsides in the southeastern and north- 


western parts of the county. It also occurs on the short 
slopes where small waterways have cut into the nearly level 
to gently sloping lake plain. The plowed layer is very dark 
grayish-brown or dark grayish-brown sandy loam in most 
places. This soil is deep, is naturally fertile, and has high 
available moisture capacity. 

Included with this soil in mapping were areas that have 
a dark grayish-brown loam plow layer. Also included were 
areas of Ubly sandy loam that have a sandy loam subsoil. 
In other included areas are short slopes of more than 12 
percent and a few bowl-shaped areas. The steeper slopes 
show evidence of water erosion, and the areas bet ween them 
are dark colored and contain wet spots. None of these in- 
clusions greatly influence the use and management of this 
soil. 

Most areas of this soil have been cleared and cultivated ; 
a large part is in apple and peach orchards. Also grown are 
the common grain and forage crops. Because slopes are 
steep, crop rotations and management are needed that 
reduce soil erosion. = 

Capability unit IIIe4 (1.5); woodland suitability 
group B; wildlife suitability group 9; community develop- 
ment group 1. 

Nester soils, 12 to 25 percent slopes (NsD).—These soils 
occupy the rolling hillsides of the southeastern and north- 
western parts of the county. They also occur on short, steep 
slopes where small waterways have cut the nearly level to 
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gently sloping lake plain. These soils are deep, are fertile, 
and have high available moisture capacity, 

Included with these soils in mapping were areas that 
have slopes of 2 to 6 percent and a few wet spots. In these 
areas the surface layer is mainly loam or apes loam. Some 
areas, especially those near the top of slopes, are eroded 
and have a plow layer containing material from the clayey 
subsoil. The short, steep slopes in the northwestern part of 
the county are severely eroded in a few spots and have a 
few shallow waterways that, are eroded. These inclusions 
do not have a large total acreage, nor clo they greatly affect 
use and management. 

These soils have been cleared and cultivated. In the 
southeastern part of the county, much of the acreage is in 
apple and peach orchards. In other areas these soils are 
used mainly for hay and small grains. Because slopes are 
steep, crops are needed that reduce soil erosion. 

Capability unit Vie-1 (1.5a); woodland suitability 
group B; wildlife suitability group 9; community develop- 
ment group 1. 

Nester soils, 12 to 25 percent slopes, severely eroded 
(NsD3}.—These soils occupy the ee er part of hillsides in 
the rolling southeastern and northwestern parts of the 
county. They also occur on short, steep, knoblike slopes. 
Individual areas are small. The plow layer is generally 
reddish-brown clay loam. The limy underlying material is 
generally within 2 feet of the surface, but in a few small 
areas it is exposed. A few shallow gullies occur. In some 
slight depressions the plow layer is darker and more friable 
than it is in other places. 

These soils have been cleared and cultivated, but most 
areas are now partly covered with grass. Some areas are 
in orchards. These severely eroded soils are in poor tilth 
and are difficult to cultivate. A grass or a grass-legume 
cover helps to reduce further erosion. 

Capability unit Viel (1.5a); woodland suitability 
group B; wildlife suitability group 9; community develop- 
ment group . 

Nester soils, 25 to 45 percent slopes (NsE).—These soils 
occur on the steepest slopes of the rolling landscape in the 
southeastern and northwestern parts of the county, Most 
areas are in the southeastern part. The slopes are generally 
short. The surface layer is mainly loam or sandy loam. 
Layers in these soils are generally thinner than those 
described in the soil representative of the series, and the 
limy underlying material is generally within 30 inches 
of the surface. But these soils are naturally fertile and have 
high available moisture capacity. 

Included in the mapping were severely eroded spots 
that have a surface layer of brown clay loam. 

Most areas of this mapping unit have been cleared and 
cultivated. Some areas are now in orchards, but most of the 
acreage is used for hay and pasture. The steepest areas are 
used ‘mainly for native pasture or are idle. Hawthorn, 
briers, and other brush have grown up in many idle areas. 
A few spots have been reforested. 

Water quickly runs off these very steep soils unless 

vegetation is thick enough to hold the water until it soaks 
info the ground. The very steep slopes also restrict the use 
of machinery. Because of these factors, these soils are 
better suited to hay and pasture than to crops. 

Capability unit VIIe-1 (1.52); woodland suitability 
group B; wildlife suitability group 9; community develop- 
ment eroup 1. 


SOIL SURVEY 


Nester soils, 25 to 45 percent slopes,. severely eroded 
(NsE3).—These soils occupy the steepest slopes of the roll- 
ing landscape in the southeastern and northwestern parts 
of the county. Most areas are in the southeastern part. 
Slopes are short and choppy. These soils are in small areas 
that are generally long and narrow. The plow layer is a 
reddish-brown sticky clay loam, and the limy underlying 
material is generally within 2 feet of the surface. ‘The 
brownish, limy underlying material is exposed at the sur- 
face in. small areas, Shallow gullies are common. 

These soils have been cleared and cultivated, but severe 
erosion and steep slopes restrict use to hay and pasture. A 
cover of suitable grass or legumes can be established to 
reduce further erosion. 

Capability umt VIIe-1 (1.5a); woodland suitability 
group B; wildlife suitability group 9; community develop- 
ment group 1. 

Nester- Kawkawlin loams, 2 to 6 percent slopes 
(Nt8).—Nester loam and Kawkawlin loam were not mapped 
separately, because they occur together m an intricate 
pattern. These soils are similar in many respects, but they 


~ differ in their natural drainage. Each of these soils has a 


profile similar to the one described for its respective series. 
The areas of this mapping unit occur in the northwestern 
and southeastern parts of the county. 

Included with these soils in the mapping were a few 
areas of poorly drained Sims soils in depressions. Also 
included were some sandy spots and some areas of Selkirk 
soils, 

The soils of this complex are generally in undulating 
areas on gentle slopes. In places they are in hummocky 
areas that have many small depressions and waterways. 
The small depressions are generally occupied by the Kaw- 
kawlin loams, Nester soils are in the higher more exposed 
spots and are eroded in many places. These eroded spots 
have a reddish-brown clay loam plow layer that contains 
little organic matter. The surface soil is hard and compact 
when dry and sticky when wet. The lower slopes are oc- 
cupied by the Kawkawlin soils. The material underlying 
these Nester and Kawkawlin soils is slightly finer textured 
and has a higher percentage of clay than the material 
underlying other areas of Nester and Kawkawlin soils. 

Water and air move moderately slowly through these 
soils, and the Kawkawlin loams normally require some 
artificial drainage. Also, the supply of plant nutrients and 
available moisture capacity are good. Under careful man- 
agement, these soils are well suited to most crops commonly 
grown in the county. 

Nester soil is in capability unit ITe-1 (1.5a) ; woodland 
suitability group B;-wildlife suitability group 9; com- 
munity development’ group 1. Kawkawlin soil is in capa- 
bility unit IIw-2 (1.5b) ; woodland suitability group Z; 
wildlife suitability group 3; community development 
group 4. 

Nester: Ubly sandy loams, 2 to 6 percent slopes 
(NuB).—Nester and Ubly sandy Joams are so closely inter- 
mingled that they were not mapped separately. They are 
extensive and occur on the gently sloping hillsides of the 
southeastern and northwestern parts of the county. Both 
soils have a sandy loam surface layer. In the Nester soil, 
ne ever, clay loam lies just. below the plow layer, and in 

the “Ubly sandy loam, it is at a depth ranging from 
18 to 42 inches. Each of these soils has a profile somewhat 
similar to the one degeribed as representative of its series. 
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These two soils occur together, but not in a repetitive pat- 
tern. The fine-textured material occurs at a depth of 36 to 
42 inches in one place and, within a few feet, is exposed 
at the surface. 

Included with these soils in the mapping were a few 
moderately well drained areas that have slopes of less than 
2 percent. Also included were areas of darker colored, wet- 
ter Belding soils on the lower parts of slopes and areas of 
the sandy, lighter colored Menominee or Rubicon soils on 
the upper parts of slopes. In cultivated fields there were 
eroded areas that have a brownish clay loam surface layer 
that is hard when dry and sticky when wet, 

Management is needed for controlling water erosion, 
but these soils are fertile and have moderately high to high 
available moisture capacity. They are productive if man- 
agement is good. 

Nester soil is in capability unit [Te-1 (1.5) ; woodland 
suitability group B; wildlife suitability group 9; com- 
munity development group 1. Ubly soil is in capability 
unit ITe-3 (3/2a) ; woodland suitability group A; wildlife 
suitability group 9; community development group 2. 


Ogemaw Series 


The Ogemaw series consists of somewhat poorly drained 
to poorly drained sandy soils that have a hardpan in the 
subsoil. Limy silty clay is at a depth of 18 to 42 inches. 
Ogemaw soils occur in the northeastern part of the county 
on the nearly level to gently sloping lake plain, The native 
vegetation consisted of mixed lowland hardwoods, white 
pine, and some hemlock and northern white-cedar. 

The surface layer is very dark gray loamy sand about 
5 inches thick. It has granular structure and is very friable. 
The subsurface layer is light-gray loamy sand about 4 
inches thick. 

The upper part of the subsoil is a hardpan consisting 
of cemented, dark reddish-brown and dark-brown loamy 
sand. This material is mottled, massive, and indurated. The 
lower part of the subsoil is reddish-gray silty clay. It is 
mottled, has angular blocky structure, and is firm. 

Underlying the subsoil, at a depth of about 32 inches, 
is brown silty clay mottled with light gray and reddish 
brown. It has angular blocky structure and is firm and 
calcareous. 

Permeability is rapid above the hardpan and very slow 
in it. The hardpan also restricts the development of roots. 
The material above the hardpan is saturated in spring and 
after prolonged rains in other seasons. Natural fertility 
and available moisture capacity are low. 

Most areas of these soils have been cleared, and most 
of this acreage is used for lezume-grass hay and for small 
grains. Some areas are wooded. 

Typical profile of Ogemaw loamy sand in NWY,NEIW,- 
NWYNWY, sec. 1, T. 12 N., R. 15 W., Holton Township : 


A1—0 to 5 inches, very dark gray (10YR 3/1) loamy sand; 
werk, fine, granular structure; very friable; neutral; 
abrupt, irregular boundary. 

A2—4 to 9 inches, light-gray (1OYR 6/1) loamy sand that has 
many, medium, faint motties of gray (1OYR 5/1) and 
few, fine, distinct mottles of dark gray (10YR 4/1) ; 
weak, medium, subangular blocky structure ; very fria- 
ble; slightly acid ; abrupt, irregular boundary. 

B21hirm—9 to 12 inches, dark reddish-brown (5YR 3/3) loamy 
sand that has few, medinm, distinct mottles of brown 
(1LOYR 5/38) and common, inedium, distinct mottles of 
dark red (2.5YR 3/6); massive; indurated; strongly 
acid; abrupt, irregular boundary. 


B22hirm—12 to 19 inches, dark-brown (7.5YR 4/4) loamy 
sand that has common, fine, distinct mottles of dark 
Ted (2.5YR 3/6) and few, medium, distinct mottles of 
dark reddish brown (2.5YR 2/4) ; massive; indurated ; 
very strongly acid; clear, irregular boundary. 

B8—19 to 23 inches, pale-brown (10YR 6/3) loamy sand that 
has many, medium, faint mottles of very pale brown 
(10YR 7/3) and few, fine, distinct mottles of dark 
brown (10YR 3/3); ‘weak, medium, subangular 
blocky structure; very friable; strongly arid; abrupt, 
irregular boundary. 

IIB’tg—23 to 32 inches, reddish-gray (5YR 5/2) silty clay 
that has few, fine, distinct mottles of yellowish red 
(5YR 5/6) and many, fine, distinct mottles of light 
gray (5YR 7/1); strong, medium, angular blocky 
structure; firm, slightly acid; abrupt, wavy boundary. 

IICg—82 to 48 inches +, brown (7.5YR 5/2) silty clay that has 
many, coarse, distinct mottles of light gray (N 7/0) 
and many, fine, distinct mottles of reddish brown (5YR 
5/3); strong, medium, angular blocky structure 
breaking to strong, fine, angular blocky structure; 
firm, calcareous. 


Cultivated areas of Ogemaw soils have a very dark gray 
surface layer 6 to 10 inches thick. Where it occurs, the sub- 
surface layer ranges from 2 to 8 inches in thickness, but this 
layer is absent in many cultivated areas. Sandy material ex- 
tends from the surface to a depth of 18 to 42 inches. The tex- 
ture of the finer textured material in the lower part of the 
profile ranges from silty clay to clay, clay loam, or silty clay 
loam. The profile ranges from slightly acid to very strongly 
acid. 


Ogemaw soils are similar to the Allendale soils in texture, 
though the Allendale soils do not have a hardpan in the sub- 
soil. Ogemaw soils have finer textured underlying material 
than the Saugatuck soils. 

Ogemaw loamy sand, 0 to 6 percent slopes (Og8).— 
This nearly level to gently sloping soil is on the gently 
undulating lake plain in the northeastern part of the 
county. Most. of it is in the northeastern part of Holton 
Township along the boundary of the county. 

Included with this soil in the mapping were a few areas 
of Selkirk soils that are clayey and dry out slower than the 
Ogemaw soil. 

This soil has a low supply of plant nutrients. During dry 
periods, the upper 24 inches is droughty and susceptible to 
soil blowing. 

Most of this soil has been cleared and cultivated. Hay 
and pasture can be grown, but artificial drainage is needed 
in many areas before this soil can be used as cropland. 
Diversions, installed on higher slopes above this soil, inter- 
cept excess runoff and are helpful in controlling erosion. 

Capability unit [Vw-2 (5b-h)}; woodland suitability 
group F; wildlife suitability group 1; community devel- 
opment group 5. 


Pickford Series 


The Pickford series consists of poorly drained soils that 
developed in clayey deposits in old lakes. These soils are 
not extensive in this county. They occur in nearly level to 
slightly depressional areas of the lake plain in the north- 
eastern and central parts. The native vegetation consisted 
of lowland hardwoods and some conifers and included elm, 
ash, soft maple, swamp white oak, and a few hemlock and 
spruce trees. 

The surface layer is black silty clay loam about 8 inches 
thick. It has subangular blocky structure and is firm. 

The subsoil is dark grayish-brown silty clay. It has 
angular blocky structure and is very firm, 
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Underlying the subsoil, at a depth of about 21 inches, is 
light brownish-gray silty clay mottled with yellowish 
brown. It has angular blocky structure, is firm, and is 
calcareous. 

Water and air move very slowly through the Pickford 
soils. Natural fertility and available moisture capacity are 
high. These soils warm slowly in spring. They require care- 
ful management to insure the maintenance of good soil 
structure and fertility. Artificial drainage is required for 
most crops, but drainage is difficult because of the high 
proportion of clay. 

In this county Pickford soils are mapped only with 
Hettinger soils in an undifferentiated soil group. 

Typical profile of Pickford silty clay loam in SW%4% 
SEY,SEY, sec. 11, T.12 N., R.15 W.: 

Ap—0 to 8 inches, black (10YR 2/1) silty clay loam; moder- 
ate, medium, subangular blocky structure; firm; neu- 
tral; abrupt, smooth boundary. 

Bg—8 to 21 inches, dark grayish-brown (2.5Y 4/2) silty clay 
that has few, medium, distinct mottles of yellowish 
brown (10YR 5/6) ; moderate, medium, angular blocky 
structure; very firm; slightly acid; abrupt, wavy 
boundary. 

Cg—21 to 48 inches +, light brownish-gray (2.5Y 6/2) silty 
clay that has many, mediun, distinct mottles of yellow- 
ish brown (10YR 5/4) ; weak, coarse, angular blocky 
structure; very firm; calcareous. 


A layer of muck is on the surface in some areas. Undisturbed 
areas have a black surface layer 4 to 7 inches thick. Layers of 
silt and very fine sand, % inch to 2 inches thick, occur below 
a depth of 20 inches in some places. 

Pickford soils are finer textured than Sims and Hettinger 
soils but are similar to them in drainage. They are more poorly 
drained and grayer than Selkirk soils and have a darker 
surface layer. 


Roscommon Series 


The Roscommon series consists of deep, poorly drained, 
sandy soils, These soils are in nearly level to slightly 
depressional areas on the outwash plains and the sandy 
uplands of the county. The native vegetation consisted of 
elm, ash, aspen, willow, and hoary alder. 

The surface layer is very dark gray sand about 5 inches 
thick. It has granular structure and 1s very friable. 

Light-gray, pale-brown, or light brownish-gray sand is 
below the surface layer and extends to a depth of more 
than 60 inches. This material is mainly single grain and 
loose. 

Roscommon soils are very permeable to water and air 
and have low available moisture capacity. The supply of 
plant nutrients is also low. A high water table saturates 
these soils, especially during spring, and impairs use as 
cropland. Artificial drainage 1s needed for most culti- 
vated crops, but it should be carried out. with extreme care 
to avoid overdrainage. Overdrained areas become droughty 
and susceptible to severe soil blowing. 

These soils are extensive but are of little value for farm- 
ing. A. small acreage is planted to blueberries, melons, 
pickling cucumbers, and other special crops. Most areas 
remain wooded or are used for pasture. Some areas are 
idle. 

Typical profile of Roscommon sand in SW14SW1, sec. 
15, T. 11 N., R. 16 W., Dalton Township: 

Al—O to 5 inches, very dark gray (1OYR 3/1) sand; very 
weak, medium, granular structure; very friable; 
strongly acid; abrupt, irregular boundary. 


C1—5 to 9 inches, light-gray (10YR 7/2) sand that has many, 
medium, faint mottles of light brownish gray (10YR 
6/2); very weak, medium, subangular blocky struc- 
ture; very friable; medium acid; clear, irregular 
boundary. 

C2—9 to 18 inches, pale-brown (1LOYR 6/3) sand that has few, 
medium, faint mottles of light gray (lOYR 7/2) ; single 
grain; loose; medium acid; gradual, wavy boundary. 

C3—18 to 36 inches, light brownish-gray (1lOYR 6/2) sand that 
has many, coarse, faint mottles of gray (10YR 5/1); 
single grain; loose; slightly acid; gradual, wavy 
boundary. 

C4+—836 to 60 inches +, light brownish-gray (10YR 6/2) sand 
that has few, medium faint mottles of graylsh brown 
(10Y¥R 5/2) ; single grain ; loose ; neutral. 


A layer of muck, 1 to 12 inches thick, is at the surface in 
some areas, The original surface layer ranges from very dark 
gray to black in color and from 8 to 8 inches in thickness. 
Cultivated areas have a dark grayish-brown or very dark 
grayish-brown surface layer 6 to 10 inches thick. The reaction, 
to a depth of 36 inches, ranges from medium acid to mildly 
alkaline and below 36 inches ranges from neutral to mildly 
alkaline. In some areas clay loam occurs below 42 inches. 

Roscommon soils consist of conrser sand than Deford soils 
and have a thinner surface layer than Granby soils. Roscom- 
oe soils are more poorly drained and grayer than Au Gres 
SOUS, 

Roscommon and Au Gres sands (0 to 6 percent slopes) 
(Ra}.—This mapping unit consists of Roscommon sand and 
Au Gres sand. Most areas are Roscommon sand. Each of 
these soils has a profile similar to the one described for its 
respective series, These soils are on nearly level, wet, sandy 
plains in the central part of Fruitland and Laketon Town- 
ships and are in Norton, Fruitport, and Sullivan Town- 
ships. They also are in shallow depressions adjacent to the 
long, narrow sand ridges in the western part of the county. 
Low hummocks and soft. swells that are mostly Au Gres 
sand also occur and have slopes of 2 to 6 percent. 

In cultivated areas the plow layer of the Roscommon 
soil is very dark gray. Areas eroded by wind have a very 
dark brown plow layer that has had material from the 
grayish subsoil mixed into it. The depressional areas have 
a black plow layer of mucky sand. Generally the Roscom- 
mon soil is in low, shallow, dish-shaped depressions and 
the Au Gres soil is in the adjacent higher areas. Culti- 
vated or eroded areas of Au Gres sand have a lighter 
colored plow laver than undisturbed areas, 

Included with these soils in the mapping were eroded 
areas that have a plow layer consisting of brown sand that 
contains little organic material. On the crests of some of 
the hummocks are areas of Croswell sand. The included 
areis do not greatly affect use and management. of this 
mapping unit, 

Roscommon and Au Gres sands have a low supply of 
plant nutrients. They are wet, most. of the time because the 
water table is generally high. In dry periods, when the 
water table drops, these soils become droughty and are 
easily eroded by wind. 

Some areas of these soils are planted to pine. A large 
acreage is idle and has a ground cover of quackgrass, 
Canadian bluegrass, weeds, and bricrs. Some areas are in 
pasture. A small acreage is used for general crops, but 
yields are normally low. Blueberries, pickling cucumbers, 
melons, and other special crops are grown successfully in 
a small acreage. 

Roscommon soil is in capability unit TIIw-11 (5c); 
woodland suitability group Q; wildlife suitability group 


1; community development. group 9. Au Gres soil is in 
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capability unit IVw-2 (5b); woodland suitability group 
F; wildlife suitability group 1; community development 
group 6. 


Rousseau Series 


The Rousseau series consists of well drained and mod- 
erately well drained soils in which fine sand extends from 
the surface to a depth of more than 26 inches. These soils 
occur in nearly level to gently sloping areas of the lake 
plain in the eastern part of Holton and Cedar Creek 
Townships. The native vegetation consisted of mixed 
hardwoods in which black oak and white oak are domi- 
nant. In many areas there is an understory of white pine. 

The surface layer is very dark grayish-brown fine sand 
that has subangular blocky structure and is very friable. 
In wooded areas this layer is covered with a 2- to 3-inch 
layer of partly decomposed oak litter. 

The subsoil is yellowish-brown or brownish-yellow fine 
sand. It has subangular blocky structure and is very 
friable. 

Very pale brown fine sand is at a depth of 26 inches. 
This material is single grain and loose. 

Rousseau soils have low available moisture capacity and 
a low Supply of plant nutrients. Permeability is rapid. 
These soils are easily eroded by wind or water. 

Most areas of these soils are used for the farm crops 
commonly grown in the county. Corn, small grains, and 
hay are the principal crops. The growth of crops is slowed 
during midsummer because there is not, enough moisture. 
The content, of moisture is seldom adequate for optimum 
growth of crops. 

Typical profile of Rousseau fine sand in NEYNWY, 
sec. 10, T. 12 N., R. 15 W., Holton Township: 


01—8 inches to 0, black (10YR 2/1) partly decomposed oak 
litter; massive; soft; very strongly acid; abrupt, 
smooth boundary. 

Al—0 to 2 inches, very dark grayish-brown (10Y¥R 3/2) fine 
sand; weak, medium, subangular blocky structure; 
very friable; very strongly acid; abrupt, wavy 
boundary. 5a 

B2lir—2 to 16 inches, yellowish-brown (10YR 5/8)’ fine sand; 
weak, coarse, subangular blocky structure; very fri- 
able; strongly acid; gradual, wavy boundary. 

B22ir—16 to 26 inches, brownish-yellow (10YR 6/G) fine sand; 
weak, medium, subangular blocky structure; very fri- 
able; medium acid; gradual, wavy boundary. 

C—26 to 60 inches +, very pale brown (10YR 7/4) fine sand; 
Single grain; loose; medium acid. 


In areas of Rousseau soils that have been cultivated, the 
surface layer and subsurface layer are mixed and form a dark- 
brown plow layer. These soils range from very strongly acid 
to medium acid and are less acid as depth increases. In some 
areas the lower part of the subsoil and the underlying material 
are mottled. In some areas very thin layers of finer textured 
material are below a depth of 30 inches. 

The sand particles in the Rousseau soils are finer than those 
in the Rubicon or Grayling soils. Rousseau soils have a thinner 
‘surface layer and finer particles of sand than the Sparta soils. 


Rousseau fine sand, 0 to 6 percent slopes (Ro8).—This 
soil is on the nearly level to undulating lake plain in the 
northeastern part of the county. 

Included with this soil in the mapping were severely 
eroded areas that have a light-colored plow layer contain- 
ing little organic matter. Also included were small, slight- 
ly depressional areas that, are somewhat poorly drained. 
These included areas have a small acreage, and they do 
not influence use and management. 


This soil has low fertility and available moisture capac- 
ity. Cultivated areas are easily eroded by wind and water. 
Tn summer lack of water retards the growth of crops. 

This soil can be used for crops in rotation if practices 
are used for controlling erosion, conserving moisture, im- 
proving fertility, and maintaining the supply of organic 
matter. Rotations that include a high proportion of hay 
or meadow are well suited. 

Capability unit ITTs—4 (4a) ; woodland suitability group 
C; wildlife suitability group 7: community development 
group 8. 


Rubicon Series 


The Rubicon series consists of well-drained, deep, sandy 
soils on the nearly level, dry outwash plain and the rolling 
sandhills of the county. In some areas these soils are under- 
lain by clay loam to clay at a depth of 42 to 66 inches. The 
original vegetation was white pine, red pine, black oak, 
and white oak, but now the forest cover is mainly black 
oak, and there are some white oaks and a few white pines. 
A few areas of white pine and red pine remain. Many areas 
are now covered only with little bluestem, Canada blue- 
grass, lichens and mosses, and a scattering of staghorn 
sumac, sassafras, fire cherry, and clumps of scrubby black 
oak, 

The surface layer is black sand about 3 inches thick. It 
has granular structure and is very friable. A subsurface 
layer consists of gray sand about 2 inches thick, 

The subsoil also is sand, but it is dark brown or strong 
brown to brownish yellow, subangular blocky, and very 
friable, The upper part. of the subsoil is darker and redder 
than the lower part. oh 

Below the subsoil is very pale brown sand that is single 
grain and loose. 

These soils are permeable, have a low supply of plant 
nutrients, and are low in available moisture capacity. The 
content of moisture is seldom adequate for optimum 
growth of crops. Acidity is very strong or strong to a depth 
of about 19 inches. 

Rubicon soils cover a large acreage in Muskegon County. 
They are largely in forest, or they have been cleared and 
are now idle. They are well suited to plantations of Christ- 
mas trees and to other forest. products. Only a small acreage 
is used for cultivated crops. 

Typical profile of Rubicon sand in NWIZNEYNWY 
sec. 29,T.10N., R.15 W.: 


A1—0 to 3 inches, black (10YR 2/1) sand; weak, medium, 
granular structure; very friable; very high content 
of organic material; very strongly acid; abrupt, 
smooth boundary. 

A2—3 to.5 inches, gray (10YR 5/1) sand; single grain; loose; 
very strongly acid; abrupt, irregular boundary. 

B21hir—5 to 10 inches, dark-brown (7.5YR 4/4) sand; weak, 
coarse, subangular blocky structure; very friable; 
strongly acid ; clear, irregular boundary. 

B22ir—10 to 19 inches, strong-brown (7.5YR 5/8) sand; weak, 
coarse, subangular blocky structure; very friable; 
strongly acid; clear, irregular boundary. 

B3—19 to 28 inches, brownish-yellow (10YR 6/6) sand; weak, 
coarse, subangular blocky structure; very friable; 
medium acid; gradual, wavy boundary. 

C—28 to 60 inches +, very pale brown (10YR 7/4) sand; single 
grain; loose; medium acid. 


In some areas the surface layer has been removed by erosion. 
In other areas it is mixed with the subsoil and the plow layer 
is brownish. Rubicon soils range from very strongly acid to 
medium acid. Cultivated areas have a very dark grayish-brown 
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surface layer 6 to 10 inches thick. The subsurface layer is 2 to 
6 inches thick. 

Rubicon soils consist of coarser sands than Rousseau soils 
and have a better developed, redder subsoil than Grayling soils. 
Drainage is better in the Rubicon soils than in Croswell soils 
and mottling is less. Rubicon soils have a thinner surface 
layer than Sparta soils. They lack the cemented layer in the 
subsoil that is typical of the Wallace soils and have less well 
developed subsoil layers than Kalkaska soils. 

Rubicon sand, 0 to 6 percent slopes (RsB).—This is the 
most extensive soil in the county. It occupies broad areas 
of the nearly level to gently sloping sandy outavash plain 
and lake plain. It also occurs in nearly level to gently slop- 
ing areas of the sandy uplands. The sandy plain appears 
flat, but it has many small depressions, swells, shallow 
pits, and slightly domed areas. The shallow depressions 
in these plains are normally oval and somewhat dish 
shaped. They are flat on the bottom and gently sloping 
near the edge. They are elongated where 'they occur at the 
base of slopes in the rolling sandy uplands and at the base 
of long gentle wavelike slopes of the sandy plain. 

Included with this soil in the depressions and at the base 
of slopes in the sandy uplands were the darker colored, 
moderately well drained Croswell soils. These depressions 
have small accumulations of outwash on their surface. 
Their edges have a lighter colored surface layer. Also 
included were areas of Grayling sand that have a thinner, 
less well developed subsoil than this Rubicon sand. Other 
inclusions were areas of Kalkaska soil, which are generally 
on gentle slopes and in wavy areas of the sandy plain. These 
areas are darker colored and have a more distinct subsoil 
than this Rubicon soil. Chunks of dark reddish-brown 
cemented sand ‘occur in places. 

In the northeastern part of Blue Lake Township and 
in the northwestern part. of Holton Township, this soil 
differs slightly from the Rubicon sand in other parts of 
the county, but not enough to affect use and management. 
In these areas, this soil is covered by a well-stocked stand 
of black oak and white oak mixed with white pine. The 
surface layer is slightly thicker than normal, and in many 
places the subsurface layer is missing. Also the upper part 
of the subsoil is darker colored than it is in other areas. 

Tn cultivated areas the plow layer of this soil is a mixture 
of the surface layer, subsurface layer, and upper part. of 
the subsoil. Many small areas are eroded and have a dark- 
brown sand surface layer. Small, severely eroded areas 
have a loose, yellowish-brown sand surface layer that is 
several feet thick. Some open areas that have not been culti- 
vated have been eroded by wind. 

Many areas of this soil are in second-growth forest in 
which there are some open areas. The forested areas are 
not eroded, but the open areas are and have a thin, grayish- 
brown surface layer. In some places a new, thin surface 
layer has developed. Many areas are cleared of trees, and 
most of these have been burned over several times. 

The second-growth forest consists of black oak, white 
oak, and a few Jarge white pines. In many places the under- 
story is mainly white pine. Areas cleared of trees are cov- 
ered with native grasses and weeds. In some places the 
cover consists of mosses and lichens, clumps of little blue- 
stem, and a few scrubby black oak, sassafras, or fire cherry 
trees. 

This soil contains only a small amount of plant. nutrients, 
and it has low available moisture capacity. Exposed areas 
are easily eroded by wind. 


This soil has little value as cropland, but it is valuable 
as woodland. Open areas can be reforested to suitable trees. 
Many open areas are planted to Scotch pine for Christmas 
trees or to red and white pines for timber products. A few 
areas are cultivated to crops commonly grown in the coun- 
ty. In a few irrigated areas, pickling cucumbers, melons, 
and small fruits are grown. A few areas are in native 
pasture. 

Capability unit VIIs-1 (5.3a); woodland suitability 
group H; wildlife suitability group 8; community develop- 
ment group 38. 

Rubicon sand, 6 to 25 percent slopes (RsD).—This soil 
occurs throughout the sandy areas of the county. It is on 
long, narrow ridges of the sandy plain and on the steeper 
hillsides of the rolling sandy areas. 

Included with this soil in the mapping were areas of 
moderately well drained Croswell soils that make up 20 
percent of some mapped areas. These included areas are 
on the lower parts of slopes. Also included were small de- 
pressional pockets of somewhat poorly drained Au Gres 
soils. In these pockets the water table is close to the surface. 
Eroded spots that have a brownish surface layer are in- 
cluded in open areas. A few spots are severely eroded. 

This soil has a low supply of plant nutrients and is low 
in available moisture capacity. Cultivated areas are sus- 
ceptible to soil blowing and water erosion. 

Some areas of this soil are covered by a second-growth 
forest. Other areas have been cleared and cultivated. This 
soil has little value as cropland, but it is well suited as 
woodland. Its vegetation is mainly grasses, weeds, and 
some young aspen, sassafras, black oak, and white pine 
trees. 

Capability unit VIIs-1 (5.8a); woodland suitability 
group H; wildlife suitability group 8; community develop- 
ment group 3. : 

Rubicon loamy substratum and Montcalm soils, 0 to 
6 percent slopes (Ri8)—This mapping unit consists of 
Rubicon soil that has a loamy substratum and of Montcalm 
loamy sand. Most areas are Rubicon soil, but a few areas 
contain both of these soils. Each of these soils has a profile 
similar to the one described for its respective series. 

These soils occur throughout the county. Areas are gen- 
erally small except in the northwestern and eastern parts 
of the county. These soils are on gently sloping, sandy hill- 
sides and level hilltops. They are also on gently sloping, 
broad, sandy beaches that lie above small streambeds. In 
the southeastern and northwestern parts of the county, a 
ae acreage is at the edge of the rolling areas of loamy 
till. 

In the Rubicon soil the plow layer is dark-brown sand 
or loamy sand and a loamy substratum lies at a depth of 
42 to 66 inches. The Montcalm soil lacks the loamy sub- 
stratum that occurs at a depth of 42 to 66 inches in the 
Rubicon soil. 

Included with these soils in the mapping, in areas of 
Rubicon soil, were small areas of Menomimee soils that. 
have a moderately fine textured substratum within 42 
inches of the surface. Also in areas of- Rubicon soils were 
shallow, wet sags occupied by Au Gres soils. These depres- 
sions have a darker colored and thicker plow layer than 
the Rubicon soil. Included in areas of Montcalm soil were 
a few wet spots and some small areas that have a sandier, 
lighter colored surface than is typical of Montcalm soils. 
Some areas of Rubicon and Montealm soils that have been 
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eroded by wind and water were also included in the map- 
ping. Near the top of slopes in these places, the color of 
the plow layer is a mixture of dark gray and yellowish 
brown. The lower parts of slopes and small depressions 
have a thicker surface layer because material that washed 
im ‘has accumulated. Severely eroded spots were also in- 
cluded. None of the included areas affect the use and man- 
agement of this mapping unit. 

These soils are permeable to water and air. They are low 
im fertility and in available moisture capacity. Bare areas 
are easily eroded by wind and water. 

Many areas of these soils are now idle, and other areas 
are used mainly for hay and pasture. A few areas remain 
wooded or are covered with brush. 

Rubicon soil is in capability unit VIs-1 (5/2a) ; wood- 
land suitability group C; wildlife suitability group 7; 
community development group 8. Montcalm soil is in capa- 
bility unit IIIs-4; (4a) woodland suitability group C; 
wildlife suitability group 7; community development 
group 8. 

Rubicon loamy substratum and Montcalm soils, 6 to 
12 percent slopes (RtC) —-Most areas of this mapping unit 
are either Rubicon soil or Montcalm soil, but a few areas 
contain both of these soils. Each of these soils has a profile 
similar to the one described for its respective series. The 
Montcalm soil has a thinner subsoil than the soil described 
as representative of the Montcalm series. This mapping 
unit occurs throughout the county. It is generally in small, 
elongated areas on small, ridgelike hills and on long breaks 
that slopes to streambeds. 

Included with these soils in the mapping, in areas of the 
Rubicon soil, were areas where the finer textured material 
is within 42 inches of the surface. This material is exposed 
at the top of slopes. Also included in areas of the Rubicon 
soil were seepy spots that, have a thick, dark-colored sur- 
face layer that is high in content of organic matter. A few 
eroded spots have a surface layer of yellowish-brown sand. 
Included in areas of the Montcalm soils were areas of Chel- 
sea loamy sand and of Rubicon sand. Some small included 
areas have slopes of 2 to 6 percent, and others have slopes 
of more than 12 percent. These included areas do not 
greatly influence use and management of this mapping 
unit. ' 

These soils are permeable to water and air. They are low 
in natural fertility and in available moisture capacity. 
Because slopes are strong and the soil is loose, exposed 
areas of these soils are susceptible to soil blowing and 
water erosion. 

Many areas of this mapping unit are now idle or are used 
only for pasture. Some areas have been reforested to pine 
trees for timber or for Christmas trees. A few areas are 
used for corn, small grains, hay, and other crops commonly 
grown in the county. Crop rotations generally include 3 or 
more years of hay. 

Rubicon soil is in capability unit VIs-1 (5/2a) ; wood- 
land suitability group C; wildlife suitability group 7; 
community development group 3. Montcalm soil is in capa- 
bility unit IITe-9(4a); woodland suitability group C; 
wildlife suitability group 7; community development 
group 3. 


Saranac Series 


The Saranac series consists of very poorly drained, 
medium-textured soils. These soils are in nearly level to 
279-229-683 


depressional areas on the flood plains and in the bayous 
of the county. The native vegetation consisted mainly of 
lowland hardwoods, including elm, ash, maple, cotton- 
wood, and willow, but there was also some arborvitae. 

The surface layer of these soils is very dark gray loam 
about 10 inches thick. It has granular structure and is 
friable. 

The subsoil is weakly developed and about 9 inches 
thick. This layer consists of dark-gray and gray silty clay 
loam mottled with dark brown and gray or dark gray. It 
has angular blocky structure and is firm. 

Below the subsoil are alternate layers of clay loam and 
silty clay loam and thin layers of sandy loam, loam, silt 
loam, and loamy sand. This material is gray mottled with 
yellowish brown and gray or dark gray. 

These soils are naturally fertile but are very wet, Per- 
meability is moderately slow, and available moisture 
capacity is high. Since these soils occur on first bottoms 
along flowing streams, frequent flooding is likely. Flood- 
ing seriously restricts use as cropland. Forest. and native 
pasture are the main uses. 


Typical profile of Saranac loam in SWY4ASWY, sec. 26, 
T.9N.,R.16W.: 


A1—O to 10 inches, very dark gray (10YR 3/1)loam; moderate, 
- medium, granular structure; friable; mildly alkaline; 
clear, wavy boundary. 

B2ig—10 to 13 inches, dark-gray (10YR 4/1) light silty clay 
loam that has many, fine, faint mottles of dark brown 
and common, medium, faint mottles of gray (10YR 
5/1); moderate, medium, angular blocky structure; 
firm; mildly alkaline; clear, irregular boundary. 

B22g—13 to 19 inches, gray (SYR 5/1) silty clay loam that has 
common, medium, distinct mottles of dark brown 
(7.5YR 4/4) and few, medium, faint mottles of dark 
gray (10YR 4/1); moderate, medium, angular blocky 
structure; very firm; mildly alkaline; clear, wavy 
boundary. 

Clg—19 to 27 inches, gray (1O0YR 5/1) clay loam that has many. 
coarse, distinct mottles of yellowish brown (10YR 5/6) 
and common, medium, faint mottles of gray ; moderate, 
medium, angular blocky structure; firm; mildly alka- 
line; clear, wavy boundary. . : 

C2g—27 to 36 inches, gray (LOYR 5/1) light clay loam that has 
many, medium, distinct mottles of yellowish brown 
(10¥R 5/6) and common, medium, faint mottles of 
gray (10YR 6/1); weak, coarse, subangular blocky 
structure ; firm; mildly alkaline; clear, wavy boundary. 

C8g——36 to 48 inches +, gray (N 5/0) silty clay loam that has 
common, medium, distinct mottles of yellowish brown 
(1OYR 5/6-5/8) and few, medium, distinct mottles of 
dark gray (10YR 4/1) ; massive; firm; calcareous. 


In a few cultivated arenas, the plow layer is lighter colored 
than the surface layer described because plowing has mixed 
the dark surface layer and, the grayish subsoil. Beeause each 
flood lays down different kinds and amounts of materials, 
layers of varying thickness and texture are common. The 
texture of the upper 30 inches is normally clay loam, silty 
clay loam, or sandy clay loam. Below 30 inches the texture 
varies a great deal. These soils are normally slightly acid to 
mildly alkaline in the upper 24 inches and neutral to caleareous 
below. Shells, which are high in line, occur within the soil 
profile. 

Saranac soils are at sites similar to those of the Sloan soils 
but are finer textured. They are similar to the Sims soils in 
texture but are more stratified and occupy bottom lands instead 
of morainic areas, 


Saranac loam (0 to 2 percent slopes) (Sa).—This soil is 
on first bottoms along the major streams, such as Muskegon 
and White Rivers and Crockery, Cedar, and Black Creeks. 
These bottoms are nearly level, but they contain many 
slight depressions. Normally, this soil is in the lowest 
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areas, where floodwaters remain the longest. The material 
deposited varies in texture from one flood to another. 

Included with this soil in the mapping were areas that 
have slopes of 2 to 6 percent. These areas are on the short. 
side slopes of the depressions. Also included were areas of 
the coarser textured Sloan soils. These included areas do 
not greatly affect use and management. 

Saranac soils are naturally fertile, but they are cold and 
very wet. Artificial drainage is difficult to install, and most 
areas remain wooded or are used for native pasture. Some 
areas are idle and are densely covered with grasses, weeds, 
and brush. 

Capability unit IIITw-12 (L-2c); woodland suitability 
group O; wildlife suitability group 6; community develop- 
ment group 7. 


Saugatuck Series 


The Saugatuck series consists of somewhat poorly 
drained to poorly drained, acid sands that have a cemented 
hardpan in the subsoil. These soils are in broad, nearly 
level areas of the outwash plain. The native vegetation 
consisted of white pine, red pine, birch, aspen, gum, pin 
oak, and elm. 

In undisturbed areas the surface layer is black, partly 
decayed organic material about 3 inches thick. This ma- 
terial is friable and very strongly acid. The subsurface 
layer is about 11 inches thick and consists of pinkish-gray 
sand distinctly mottled with dark gray. It has subangular 
blocky structure and is very friable. 

The upper part of the subsoil is dark reddish-brown or 
very dusky red sand or fine sand about 23 inches thick. It 
is a strongly cemented hardpan. The lower part is dark- 
brown fine sand about 11 inches thick. It is single grain 
and loose. Both parts of the subsoil are mottled. 

Below the subsoil is light yellowish-brown fine sand that 
is mottled. It is single grain and loose. 

Permeability is very rapid above the cemented layers 
and is slow in them. Natural fertility is very low, and 
available moisture capacity is low. These soils are often 
wet becatise their water table fluctuates and is within a few 
feet of the surface during parts of the year. This water 
table drops during the summer months, and the soil be- 
comes very droughty. During dry periods soil blowing is 
likely. A Jarge part of these soils is cleared of timber and 
is now idle, but some areas remain in trees. Some areas are 
used for blueberries. 

Saugatuck soils are mapped only with Au Gres soils in 
a complex. 

Typical profile of Saugatuck sand in NEY{NWI4ZANWY 
SW, sec. 21, T. 10 N., R. 14 W.: 


01—3 inches to 0, black (10YR 2/1) partly decayed organic 
material; massive; friable; very strongly acid; 
abrupt, wavy boundary. ; 

A2—0 to 11 inches, pinkish-gray (7.5YR 7/2) sand that has 
many, coarse, distinct mottles of dark gray (LOYR 
4/1); very weak, coarse, subangular blocky struc- 
ture; very friable; very strongly acid; abrupt, ir- 
regular boundary. 

B21hirm—11 to 15 inches, dark reddish-brown (5YR 2/2) 
sand that has many, medium, distinct mottles of red 
(2.5YR 4/8) ; massive; indurated; very strongly acid; 
gradual, wavy boundary. 

B22hirm—15 to 24 inches, very dusky red (10R 2/2) fine sand 
that has many, coarse, distinct mottles of yellowish 
red (SYR 4/8) and many, coarse, distinct mottles of 


dark red (2.5YR 3/6); massive; indurated; 
strongly acid; clear, irregular boundary. 

B23irm-——24 to 34 inches, dark reddish-brown (5YR 3/4) fine 
sand that has many, coarse, prominent mottles of 
yellowish red (5YR 5/8); indurated; very strongly 
acid; clear, wavy boundary. 

B24ir—34 to 45 inches, dark-brown (7.5YR 4/4) fine sand that 
has few, medium, distinct mottles of dark reddish 
brown (5YR 3/3); single grain; loose; very strong- 
ly acid; gradual, wavy boundary. 

C—45 to 60 inches +, light yellowish-brown (10¥R 6/4) fine 
sand that has few, fine, faint mottles of brownish 
yellow (10YR 6/6) and few, fine, faint mottles of 
light brownish gray (10YR 6/2) ; single grain; loose; 
medium acid. 

A very dark gray or black surface layer, 1 to 6 inches thick, 
occurs in some areas, In thickness, the subsurface layer ranges 
from 6 to 20 inches or more, and the cemented hardpan ranges 
from 8 to 30 inches. 

Saugatuck soils are similar to the Au Gres soils in drainage, 
though the Au Gres soils do not have a cemented hardpan. 
Saugatuck soils have upper sandy layers similar to those in 
the Ogemaw soils but do not have clayey underlying material. 
Saugatuck soils are better drained than the Roscommon and 
Deford soils and are not so gray. 


Selkirk Series 


The Selkirk series consists of somewhat poorly drained 
soils on the Jake plain. These soils developed in limy, 
clayey deposits. The native vegetation consisted of mixed 
hardwoods and conifers and included red maple, sugar 
maple, beech, elm, ash, white pine, and hemlock. 

The surface layer is generally a plow layer consisting of 
very dark grayish-brown silt loam about 10 inches thick. 
It has granular structure and is friable. 

The upper part of the subsoil is 7 inches of gray heavy 
silty clay loam. The lower part is grayish-brown silty clay 
about 9 inches thick. Both parts have angular blocky struc- 
ture, are firm to very firm, and are mottled with yellowish 
brown. , 

Underlying the subsoil is light-gray silty clay. This 
material is mottled, has angular blocky structure, and is 
very firm and calcareous. a 

Selkirk soils are slowly permeable. They are high in 
fertility and in available moisture capacity. The mottled 
subsoil indicates that these soils are saturated with water 
for extended periods. Most, of the acreage is cleared and 
used for meadows or for small grains, but a large part re- 
mains idle. Management is needed for removing excess 
water and for maintaining soil tilth. 

In this county Selkirk soils are mapped only with Kaw- 
kawlin soils in undifferentiated units. 

Typical profile of Selkirk silt loam in NWY4SW, sec. 
17, T. 9 N., R. 14 W., Ravenna Township. 

Ap—O to 10 inches, very dark grayish-brown (10YR 3/2) silt 
loam ; moderate, medium, granular structure; friable; 
slightly acid; abrupt, smooth boundary, 

‘B21g—10 to 17 inches, gray (10YR 5/1) heavy silty clay loam 
that has common, coarse, distinct mottles of yellowish 
brown (10YR 5/8) and many, medium, faint mottles 
of dark gray (10YR 4/1) ; strong, fine, angular blocky 
structure; firm; neutral; gradual, irregular boundary. 

B22g—17 to 26 inches, grayish-brown (1OYR 5/2) silty clay 
that has common, coarse, faint mottles of gray (LOYR 
5/1) and many, medium, distinct mottles of yellowish 
brown (10YR 5/6); strong, medium, angular blocky 
structure; very firm; mildly alkaline; abrupt, wavy 
boundary. ; 

Ce—26 to 48 inches +, light-gray (5Y 7/2) silty clay that has 
many, fine, faint mottles of gray (5Y¥ 6/1) and many, 


very 
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medium, distinct mottles of olive (5Y 4/4) ; moderate, 
medium, angular blocky structure; very firm; cal- 
careous, 


Undisturbed areas of Selkirk soils have a very dark.grayish- 
brown or very dark gray surface layer 1 to 3 inches thick. It 
is underlain by a gray or light-gray layer 3 to 6 inches thick. 
Depth to the calcareous silty clay ranges from 24 to 36 
inches. The surface layer and subsoil range from slightly 
acid to mildly alkaline, and the material below a depth of 
about 26 inches is calcareous. 

Selkirk soils are better drained than Pickford soils and are 
not so gray. They are more poorly drained and more highly 
mottled than Kent soils. Selkirk soils are finer textured than 
the Kawkawlin soils, though similar to them in drainage. 


Sims Series 


The Sims series consists of poorly drained loamy soils. 
These soils are in nearly level and depressional areas of 
the rolling, morainic landscape in the southeastern and the 
extreme northwestern parts of the county. The native for- 
est consisted of lowland hardwoods and included elm, ash, 
red maple, and swamp white oak. 

The surface layer is black loam about 9 inches thick. 
It has granular structure and is friable. 

The upper 3 inches of the subsoil is dark-gray loam that 
has subangular blocky structure and is friable. The rest 
of the subsoil is light brownish-gray or gray clay loam 
that is mottled. It has subangular or angular blocky 
structure and is firm. 

Underlying the subsoil, at a depth of about 32 inches, 
is grayish-brown clay loam distinctly mottled with yel- 
lowish brown, This material has angular blocky structure 
and is firm and calcareous. 

Sims soils are moderately slow in permeability. They 
have high available moisture capacity and are naturally 
fertile. A high water table saturates these soils, especially 
during spring. 

Maintaining fertility and good tilth are main concerns 
of management. Areas that are artificially drained are 
planted to crops. Yields of most crops are favorable. 
Undrained areas remain wooded or are used for pasture. 

Typical profile of Sims loam in SEYNEY, see. 12, T. 
10 N., R. 13 W.: 

Ap—0 to 9 inches, black (10YR 2/1) loam; moderate, coarse, 
granular structure; friable; mildly alkaline; clear, 
wavy boundary. 

B21g—9 to 12 inches, dark-gray (10YR 4/1) loam that has 
many, coarse, faint mottles of gray (10YR 5/1) and 
few, medium, distinct mottles of yellowish brown 
(10¥YR 5/4); weak, medium, subangular blocky 
structure; friable; neutral; abrupt, wavy boundary. 

B22g—12 to 17 inches, light brownish-gray (10YR 6/2) clay. 
loam that has many, coarse, distinct mottles of yellow- 
ish brown (10YR 5/8) and many, coarse, faint mot- 
tles of light gray (10YR 7/2); moderate, coarse, 
subangular blocky structure; firm; neutral; gradual, 
irregular boundary. 

B23g—17 to 32 inches, gray (10YR 6/1) clay loam that has 
Imany, medium, distinct mottles of yellowish brown 


(10YR 5/8) and common, medium, distinct mottles of 
dark brown (7.5YR 4/4) ; thin gray (10YR 6/1) clay 


films on many peds; moderate, medium, angular 
blocky structure; firm; neutral; abrupt, wavy 
boundary. 


Cg—32 to 48 inches +, grayish-brown (10YR 5/2) clay loam 
that has many, medium, faint mottles of light gray 
(10YR 6/1) and many, medium, distinct mottles of 


yellowish brown (10YR 5/8); weak, coarse, angular 
blocky structure; firm; calcareous. 


In cultivated areas of Sims soils the lower part of the sur- 
face layer is slightly darker colored than the upper part. The 
layer of loam at the top of the subsoil is absent in many areas. 
The texture of the subsoil ranges from loam to silty clay loam 
in some places. Layers of fine sand, silt, and clay, 1 to 3 inches 
thick, occur below a depth of 36 inches in some areas. The 
surface layer and subsoil range from slightly acid to mildly 
alkaline; below a depth of 32 inches the material is calcareous. 

Sims soils are similar to the Pickford soils in drainage but 
are coarser textured. They have a darker colored surface layer 
than Kawkawlin soils and are more poorly drained and grayer. 
Sims soils lack the stratification that occurs in the Hettinger 
soils, 

Sims loam (0 to 2 percent slopes) (Sm).—This nearly 
level to gently sloping soil occupies wet depressions and 
flats in the rolling landscape of the southeastern and 
northwestern parts of the county. These areas are shaped 
like a dish, and normally they occur between higher areas. 
In some places soil material that washed from adjoining 
slopes is deposited on these soils. This material is most 
noticeable near the edges of the wet areas. The material 
is lighter colored and coarser textured than that of the 
surface layer in the profile representative of the Sims 
series. 

Included with Sims loam in mapping were areas that 
have slopes of 2 to 6 percent. These areas are on knolls in 
the nearly level topography, or they are at the edges of 
better drained soils of the uplands. Some of the slopes of 
2 to 6 percent are occupied by Kawkawlin loam, which is 
not so wet and is lighter colored than Sims loam, These 
included areas are used and managed in about. the same 
way as are areas of Sims loam. 

Sims loam is naturally poorly drained, but it is produc- 
tive and can be cropped intensively if adequate drainage 
is provided. After this soil has been drained, the main 
practices needed are those that maintain organic-matter 
content, fertility, and soil structure. 

Capability unit IIw-2 (1.5c); woodland suitability 
group P; wildlife suitability group 6; community devel- 
opment group 7. 


Sloan Series 


The Sloan series consists of very poorly drained soils. 
These soils are on nearly level to gently sloping first bot- 
toms along streams, They developed in loamy alluvium. 
The native vegetation consisted of elm, ash, cottonwood, 
soft maple, willow, and some arborvitae. 

The surface layer is about 13 inches thick and consists 
of very dark gray loam that is mottled. It has granular 
structure and is friable. 

Below the surface layer is stratified materia] of varied 
texture. Texture is dominantly silt loam, but the individ- 
ual layers are sand, loam, sandy loam, clay loam, and 
silty clay loam. This material is grayish brown, very pale 
brown, pale brown, or gray and is mottled, Except in the 
layer of sand, structure is angular blocky or subangular 
blocky. 

Permeability is moderate. The water table is high unless 
artificial drainage is provided. Natural fertility is high. 

Most of the acreage of these soils is wooded or is used 
for native pasture. Some areas are idle and are densely 
covered with grasses, weeds, and brush. 
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Typical profile of Sloan loam in NEYNEY, sec. 25, T. 
11 N., R. 15 W.: 


A1—O0 to 18 inches, very dark gray (10YR 3/1) loam that has 
common, fine, distinct mottles of grayish brown (10YR 
5/2) ; moderate, coarse, granular structure; friable; 
neutral; abrupt, smooth ‘boundary. 

Bg—13 to 21 inches, grayish-brown (10YR 5/2 silt loam that 
has few, fine, distinct mottles of black (1OYR 2/1) 
and many, fine, distinct mottles of dark yellowish 
brown (1OYR 4/4) ; fine subangular blocky structure; 
firm; neutral; abrupt, irregular boundary. 

IIC1—21 to 24 inches, very pale brown (10YR 7/8) sand; single 
grain; loose; neutral; abrupt, irregular boundary. 

IIC2g—24 to 27 inches, gray (10YR 5/1) heavy silt loam that 
has many, fine, distinct mottles of dark yellowish 
brown (10¥R 4/4); moderate, medium, angular 
blocky structure; firm ; neutral; clear, wavy boundary. 

IVC38—27 to 84 inches, pale-brown (10YR 6/8) sandy loam that 
has many, coarse, faint mottles of grayish brown 
(10YR 5/2) ; weak, medium, subangular blocky struc- 
ture; friable; mildly alkaline; clear, wavy boundary. 

VC4g—34 to 48 inches +. gray (10YR 5/1) silt loam that has 
many, fine, faint mottles of grayish brown (10YR 5/2) ; 
weak, fine, subangular blocky structure; firm; mildly 
alkaline, 


The surface layer of Sloan soils ranges from very dark gray 
to black in color and from 7 to 14 inches in thickness. The ma- 
terial bebween depths of 13 and 21 inches ranges from silt loam 
to loam, heavy sandy loam, or light clay loam. Below a depth of 
21 inches, the layers range from loam to silt loam, sandy loam, 
light clay loam or light silty clay loam, and there are thin 
layers of sand. The thickness of the layers below 21 inches 
ranges from 1 to 12 inches. The soil] material ranges from 
slightly acid to mildly alkaline to a depth of 21 inches and 
from neutral to calcareous below 21 inches. 

Sloan soils are at sites similar to those of Saranac soils but 
are coarser textured. Sloan soils lack the organic layers that 
sre common in the Kerston soils. 

Sloan soils (0 to 6 percent slopes) (So).—These soils 
are on nearly level to gently sloping first bottoms along 
streams. These bottoms contain many slight depressions 
and raised areas. Flooding deposits new material of vari- 
able texture. The texture of the surface layer is sandy 
loam, silt loam, and occasionally loamy sand. Texture 
changes from one flood to another. 

Included with these soils in mapping were many small 
areas of Saranac soils in slight depressions in the bottom 
land. These included areas, and the changes in texture of 
the surface layer, do not greatly affect. use and manage- 
ment. 

Artificial drainage is beneficial in removing excess water 
from these fertile soils, but. drainage is difficult to install 
because of the variable texture and the flooding. Much of 
the area remains wooded or is used for native pasture. 
Some areas are idle and are densely covered with grasses, 
weeds, and brush. 

Capability unit IIIw-12 (L-2c) ; woodland suitability 
group O; wildlife suitability group 6; community develop- 
ment group 8. 


Sparta Series 


The Sparta series consists of well-drained, acid sands 
that have a thick, dark-colored surface layer. These soils 
are on the nearly level to gently sloping outwash plain and 
stream terraces. They developed under grasses in open 
areas in the northeastern part of the county. 

The surface Inyer is very dark brown or very dark gray- 
ish-brown sand about 14 inches thick. It is mainly granular 
and very friable. 
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The subsoil is mainly dark yellowish-brown or yellowish- 
brown sand about, 18 inches thick. It has subangular blocky 
structure and is very friable in the upper part and is single 
grain and loose in the lower part. 

Below the subsoil the material is very pale brown sand 
that is single grain and loose. 

Sparta soils are low in natural fertility. Permeability is 
very rapid, and available moisture capacity 1s low. 

These soils are of little value as cropland, but they are of 
value as sites for Christmas trees or other planted trees. 

Typical profile of Sparta sand in NWYNWYNWY 
sec. 5, T.12 N., R.15 W.: 

A11—0 to 10 inches, very dark brown (10YR 2/2) sand; weak, 
medium, granular structure; very friable; strongly 
acid; clear, irregular boundary. 

A12—10 to 14 inches, very dark grayish-brown (10YR 3/2) 
sand: weak, fine, subangular blocky structure; very 
friable; strongly acid; clear, wavy boundary. 

B21—14 to 19 inches, dark yellowish-brown (10YR 4/4) sand; 
weak, medium, subangular blocky structure; very 
friable; medium acid; gradual, irregular boundary. 

B22—19 to 25 inches, yellowish-brown (1OYR 5/4) sand; weak, 
medium, subangular blocky structure; very friable; 
medium acid; gradual, wavy boundary. 

B3—25 to 32 inches, light yellowish-brown (10YR 6/4) sand: 
single grain; loose; medium acid; gradual, wavy 
boundary. 

C—32 to 60 inches +, very palé brown (10YR 7/3) sand ; single 
grain; loose; medium acid. 


The surface layer of Sparta soils ranges from very dark 
brown to very dark grayish brown in color and from 10 to 16 
inches in thickness. It is very strongly acid ‘to strongly acid in 
undisturbed or unlimed areas. Below a depth of 16 inches the 
material ranges from medium acid to strongly acid. 

Sparta soils have a thicker surface layer than the Rubicon 
and Rousseau soils and are conrser textured than the Rousseau. 

Sparta sand, 0 to 2 percent slopes (Sp).—This nearly 
level soil is on the outwash plain in the northeastern part. 
of the county. It lies in the scattered dry basins in this 
plain. In these basins the surface layer is from 12 to 14 
inches thick and is darker colored than the surface layer 
described in the representative profile. Normally, the sand 
grains are coarser than they are in the higher areas of the 
plain. The few areas that have been cultivated have a thin- 
ner and lighter colored surface layer than that described 
in the representative profile. 

Included with this soil in mapping were small arcas 
that have slopes of 2 to 6 percent. These gently sloping 
areas are at the outer edge of the basin. 

This soil has low fertility and low available moisture 
capacity. Lf the soil is cultivated, the organic matter in the 
surface layer decomposes rapidly. Soil blowing is likely if 
the protective cover of grass and trees is removed. 

Except in irrigated areas, this soil is too sandy and 
droughty to be used as cropland. Most of it is idle or has 
been planted to pine trees. 

Capability unit TVs-2 (5a) ; woodland suitability group 
V; wildlife suitability group 8; community development 
group 3. 


Tawas Series 


The Tawas series consists of very: poorly drained, shal- 
low, organic soils that have sand or loamy sand at a depth 
ranging from 18 to 42 inches. These soils are extensive 
in this county. They occur in the Moorland muck area and 
in other level and depressional areas. The native vegeta- 
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tion consisted of mixed lowland hardwoods and conifers 
and included red maple, elm, ash, and white cedar. The 
vegetation today is the same in uncleared areas, but areas 
that have been cleared and left idle have a dense growth 
of hoary alder, red-osier dogwood, willow, balm-of-gilead, 
greenbrier, and similar plants. 

A typical Tawas soil consists of about 31 inches of muck 
and peat over sand. The muck is at the surface. It is black, 
contains woody material, has granular structure, and is 
friable. The muck is underlain by peaty muck or peat that 
is dark reddish brown or dark brown. It is subangular 
blocky and friable. Dark-brown peat is at a depth of about 
25 inches. It has subangular blocky structure that breaks 
to platy structure. 

The material underlying the muck and peat: is gray sand 
that is single grain and loose. 

Tawas soils are rapidly permeable and have high avail- 
able moisture capacity. They are naturally wet and require 
artificial drainage before they can be used as cropland. 

Many areas of these soils have been cleared and are used 
for celery, onions, and other special crops. Drainage is 
difficult. After these soils are drained and cultivated, the 
organic matter decomposes and settles rapidly. Controlled 
drainage is desirable. Soil blowing is likely in cultivated 
areas, 

Typical profile of Tawas muck in SWIANWY, sec. 14, 
T.10 N., R. 14 W., Moorland Township: 

1—0 to 17 inches, black (10YR 2/1) muck that contains con- 
siderable woody material; moderate, medium, granu- 
lar structure; friable; medium acid; clear, smooth 
boundary. 

2—17 to 25 inches, dark reddish-brown (5YR 2/2) peaty muck; 
weak, medium, subangular blocky structure; friable; 
medium acid; clear, smooth boundary. 

8—~25 to 31 inches, dark-brown (10YR 3/3) peat; wenk, coarse, 
subangular blocky structure that breaks to weak, 
medium, platy structure ; friable; strongly acid; clear, 
smooth boundary. ‘ 

TICg—31 to 48 inches +, gray (10YR 6/1) sand; single grain; 
loose; mildly alkaline. 


The surface layer is peaty muck or mucky peat in some 
areas. Depth to the sandy material ranges from 12 to 42 inches. 
The organic material ranges from strongly acid to slightly 
acid. 


Tawas soils have a thinner organic layer than the Houghton 
or the Carlisle soils. The underlying material is sand in the 
Tawas soils but is marl in the Warners soils. 

Tawas and: Carlisle mucks (0 to 2 percent slopes) 
{Tc]—In this unit Tawas muck and Carlisle muck are 
mapped together as one unit. Each of these soils has a 
profile similar to the one described for its respective se- 
ries. These two soils differ mainly in the thickness of the 
organic material. The organic material is more than 42 
inches thick in the Carlisle soil and is 12 to 42 inches thick 
in the Tawas soil. These two soils occur together through- 
out the county in areas that range from less than an acre 
in size to a hundred acres or more. The largest areas are 
in Moorland Township and on the flood plains of the 
major streams in the county. These soils are in nearly level 
places; they have a high water table and are poorly 
drained. 

In many areas the Tawas muck is at the edge of the soil 
areas and the deeper Carlisle muck is in the central part. 
In other areas there is no pattern and depth to the sandy 
material varies within short distances, 

Included with these soils in the mapping, especially 
along streams, were small areas of Kerston soils in which 


there are layers of organic and mineral materials, Also in- 
cluded, in some areas adjacent to uplands, were areas 
where asamuch as 18 inches of mineral material has been 
deposited over the organic material. In small areas that 
have been cultivated for many years, the thickness of the 
organic material has been reduced to only a few inches 
by soil blowing, settling, and decomposition. Small parts 
of these areas have a grayish sand surface layer. 

Tawas and Carlisle soils have thigh available moisture 
capacity but contain only smal] amounts of plant nutrients. 
They are especially deficient in micronutrients. Cultivated 
areas are easily eroded by the wind (fig. 5). Because these 
soils decompose and settle rapidly if they are drained and 
cultivated, the thickness of the organic material decreases 
as time passes. 

Most of the acreage of these soils has been cleared and 
cultivated. Special crops, such as vegetables and mint, are 
grown in these areas. Some areas are used for producing 
sod for commercial purposes. 

Special practices of management and programs of fer- 
tilization are needed if favorable crop yields are to be ob- 
tained. Lowering the water table enough for special crops 
is difficult where outlets are lacking. Laying tile is diffi- 
cult in places because depth to the sandy material varies 
within short distances. The tile moves out of line where 
laid in both organic material and sandy material, Con- 
trolled drainage helps reduce the rate of decomposition 
and settling. Soil blowing is reduced by windbreaks. 

Tawas soil is in capability unit [Vw-5 (M/4c) ; wood- 
land suitability group U; wildlife suitability group 5; 
community development group 10. Carlisle soil is in capa- 
bility unit IIITw-15 (Mc); woodland suitability group U; 
wildlife suitability group 5; community development 
group 10. 


Tonkey Series 


The Tonkey series consists of poorly drained soils that 
developed in stratified sand, loamy sand, and sandy Joam. 
These soils are in nearly level to slightly depressional 
areas of the lake plain and old drainage channels. The 
native vegetation consisted of mixed hardwoods and coni- 
fers and included elm, red maple, arborvitae, spruce, and 
some hoary alder and willows. Idle areas now support 


Figure 5.—Wind erosion on the Carlisle soil of Tawas and 
Carlisle mucks. 


36 SOIL SURVEY 


native grasses and sedges, goldenrod and other weeds, and 
dwart willows. 

The surface is very dark gray sandy loam about 10 inch- 
es thick. It has granular structure and is friable. 

In the subsoil the individual layers range from 2 to 12 
inches in thickness. The texture of these layers is sandy 
loam, loamy sand, ‘and sandy clay loam. Color ranges 
from pinkish gray in the upper part of the subsoil to light 
gray in the lower part. The subsoil is mottled. It has sub- 
angular and angular blocky structure. 

Below the subsoil the material is dominantly brown 
clay loam, but there are lenses of sandy loam, loamy sand, 
and fine sand. Dark-brown and light-gray mottles are 
present. This material is massive, firm, and calcareous. 

Tonkey soils have moderately rapid permeability. 
Available moisture capacity and natural fertility are me- 
dium to low. Because the water table is high, especially 
during spring, these soils are so wet that the growth of 
plants and operation of farm machinery are hindered. 
Crop yields vary from fairly favorable to favorable in 
drained areas. Artificial drainage, however, is difficult be- 
cause texture varies within short distances. 

Typical profile of Tonkey sandy loam in NWYNWY, 
NW sec. 25, T. 12 N., R. 15 W., Holton Township: 


Ap—0 to 10 inches, very dark gray (10YR 8/1) sandy loam; 
weak, coarse, granular structure; friable; mildly alka- 
line; abrupt, smooth boundary. 

B21—10 to 23 inches, pinkish-gray (7.5YR 6/2) loamy sand 
that has common, medium, distinct mottles of dark 
gray (10YR 4/1) and few, medium, distinct mottles 
of very dark brown (10YR 2/2) ; very weak, medium, 
subangular blocky structure; very friable; neutral; 
clear, irregular boundary. 

B22—23 to 26 inches, dark reddish-brown (5YR 3/3) sandy 
loam that has many, medium, distinct mottles of 
strong brown (7.5YR 5/6) and many, medium, distinct 
mottles of reddish yellow (7.5YR 6/8) ; weak, medium, 
subangular blocky structure; slightly acid; clear, ir- 
regular boundary. 

B23g—26 to 33 inches, light-gray (10YR 7/2) sandy clay loam 
that has many, medium, distinct mottles of yellowish 
brown (10YR 5/8) and many, fine, prominent mottles 
of reddish brown (5Y¥R 5/8); moderate, medium, an- 
gular blocky structure; firm; neutral; clear, wavy 
boundary. 

C—33 to 48 inches +, brown (7.5YR 5/2) clay loam and lenses 
of sandy loam, loamy sand, and fine sand; many, me- 
dium, distinct mottles of dark brown (7.5YR 4/4) and 
many medium, distinct mottles of light gray (N7/0) ; 
inassive ; firm; calcareous. 


The surface layer of Tonkey soils ranges from very dark gray 
to very dark grayish brown or black in color and from 6 to 10 
inches in thickness. The layers that make up the subsoil range 
from sandy loam to sandy clay loam, loam, or heavy loamy 
sand and from 2 to 12 inches in thickness. In: some places 
there are also 1-inch to 38-inch layers of silt, very fine sand, and 
clay in the profile. A layer of gravelly sand, 2 to 5 inches 
thick, occurs below a depth of 30 inches in some areas. The 
subsoil ranges from medium acid to mildly alkaline. Below a 
depth of 30 inches, the material is calcareous. 

Tonkey soils developed in coarser sand than Deford soils and 
are finer textured than Roscommon and Granby soils. 


Tonkey and Deford soils (0 to 6 percent slopes) (Td).— 
This mapping unit consists of Tonkey soils and Deford 
soils. Most mapped areas are Tonkey sandy loam, but some 
are dominantly Deford loamy sand. A few areas consist of 
both soils in nearly equal parts. Each of these soils has a 
profile similar to the one described for its respective series. 

These soils are mostly in large areas in broad, wet, nearly 
level basins in the southeastern part of the county. A 


smaller amount is in the northeastern and other parts of 
the county. The largest areas are in Moorland Township 
along Cranberry Creek and in Ravenna Township along 
Crockery Creek and its tributaries. Other areas are in 
Sullivan and Casnovia Townships. 

The surface layer is very dark gray in the Tonkey soil 
and very dark gray or black in the Deford soil. This layer 
is generally sandy loam in the Tonkey soil, but it is loam 
in some areas. The surface layer of the Deford soil is gen- 
erally loamy sand, but it. is loamy fine sand in some areas. 
Within a few feet, texture varies from sandy loam to loamy 
sand. The Tonkey and Deford soils do not, occur in a dis- 
tinct pattern. 

Included with these soils in the mapping, in the south- 
eastern part of the county, were areas of Roscommon sand 
and areas that have a thin layer of muck at the surface. 
Also included, in other parts of the county, were areas that 
have fine-textured material within 42 inches of the surface. 
These included areas do not greatly affect use and 
management, 

Drainage is required on these soils if crops are grown, 
but drainage is difficult because of the content of sand. The 
Tonkey sandy loam has a better supply of plant nutrients 
than the Deford loamy sand and has higher available 
moisture capacity. Many areas of this mapping unit are 
cultivated, but. some undrained areas are idle or are used 
for hay and pasture. Many areas remain wooded. 

Tonkey soul is in capability unit IIw-6 (3c) ; woodland 
suitability group W; wildlife suitability group 5; com- 
munity development group 8. Deford soil is in capability 
unit Il Tw-6 (4c) ; woodland suitability group W; wildlife 
suitability group 5; community development group 8. 


Ubly Series 


The Ubly series consists of well drained and moderately 
well drained sandy loams in which clay loam is at a depth 
of 18 to 42 inches. These soils are scattered in the gently 
sloping landscape in the southeastern, northwestern, and 
northeastern parts of the county. The native vegetation 
consisted of mixed hardwoods and some conifers and in- 
cluded sugar maple, beech, ash, white oak, black oak, and 
some hickory and white pine. ; 

The surface layer is very dark grayish-brown sandy 
loam about 4 inches thick. It has granular structure and 1s 
friable. The subsurface layer is gray or light brownish- 
gray loamy sand that has subangular blocky structure and 
is very friable. 

The upper part of the subsoil is dark-brown or yellow- 
ish-red sandy loam that is mottled. It is friable and has 
subangular blocky structure or is massive. The lower part 
is brown clay loam. It is firm and has angular blocky 
structure. 

Below the subsoil, at a depth of about: 36 inches, is light 
brownish-gray clay loam. It has angular blocky structure 
and is firm and calcareous. 

Permeability is moderately rapid in the upper part of 
Ubly soils and moderately slow in the lower part. These 
soils are moderate in natural fertility and moderately high 
in available moisture capacity. Yields of most crops are 
favorable if management is good. Management is needed 
mainly for maintaining fertility and organic matter and 
for controlling soil blowing and water erosion. 
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Although Ubly soils are widespread in this county, they 
are not mapped separately. They are mapped with Menom- 
inee soils in an undifferentiated soil unit and with Beld- 
ing and Nester soils in a complex. 


Profile of Ubly sandy loam in SE14SE¥, sec. 22, T. 9 N., 
R.14 W.: 


Al—0 to 4 inches, very dark grayish-brown (10YR 3/2) sandy 
loam; weak, coarse, granular structure; friable; 
medium acid ; clear, wavy boundary. 

A21—4 to 6 inches, gray (10YR 5/1) loamy sand; weak, 
medium, subangular blocky structure; very friable; 
medium acid; clear, wavy boundary. 

A22—6 to 10 inches, light brownish-gray (10YR 6/2) loamy 
sand; very weak, medium, subangular blocky struc- 
ture; very friable;. strongly acid; clear, irregular 


boundary. 
B21ir—10 to 17 inches dark-brown (7.5YR 4/4) sandy loam; 
moderate, medium subangular blocky structure; 


friable; medium acid; clear, irregular boundary. 

B22ir—17 to 25 inches, yellowish-red (5YR 5/8) sandy loam 
that has few, medium, distinct mottles of dark brown 
(7.5¥R 4/4) in lower part; massive; friable; slightly 
acid; clear, wavy boundary. 

A’2—25 to 82 inches; pale-brown (10YR 6/3) sandy loam; 
weak, medium, angular blocky structure; friable; 
medium acid; clear, irregular boundary. 

IIB’t—32 to 36 inches, brown (10YR 4/3) clay loam; strong, 
medium, angular blocky structure; firm; medium 
acid: clear, irregular boundary. 

TIC—286 to 48 inches +, light brownish-gray (10YR 6/2) clay 
loam; moderate, medium, angular blocky structure; 
firm ; calenreous. 

Cultivated areas of Ubly soils have a dark-brown or grayish- 
brown surface layer 7 to 10 inches thick. The upper part of the 
subsoil ranges from sandy loam to sandy clay loam. In some 
areas the middle of the subsoil is hard and brittle during dry 
periods. The underlying material ranges from clay loam to 
silty clay loam or loam and is at a depth ranging from 
18 to 42 inches. These soils range from strongly acid to slightly 
acid in the upper 24 to 36 inches. Below 86 inches, they are 
mildly alkaline or calcareous. 

In their upper layers, Ubly soils are finer textured than 
Menominee soils but are coarser textured than Nester soils. 
Ubly soils are better drained and Jess mottled than Belding 
soils, 


Wallace Series 


The Wallace series consists of well drained and moder- 
ately well drained, sandy soils that have a cemented 
hardpan in the subsoil. These soils are on long, narrow 
ridges of sand in the lake and outwash plains. The native 
forest consisted of mixed conifers and hardwoods and in- 
cluded white pine, red pine, and some aspen, birch, and 
oak. 

The surface layer is very dark grayish-brown sand about 
7 inches thick, It has granular structure and is very friable. 
The subsurface layer is light-gray sand about 5 inches 
thick. It has subangular blocky structure and is very 
friable. 

The upper part of the subsoil is a hardpan consisting 
of strongly cemented, massive, black sand about 3 inches 
thick. The lower part is dark reddish-brown or yellowish- 
brown sand that has subangular blocky structure and is 
very friable. 

Below the subsoil the material also is sand. It is light 
yellowish brown, single grain, and loose. 

Wallace soils are poorly suited for farming. They are 
very droughty and infertile. Permeability is rapid above 
and below the cemented layer, but is slow within it. Soil 


blowing and water erosion are likely in cultivated areas. 
Practically all areas are either in forest or are idle. These 
soils are suited to trees, and many areas have been re- 
planted to pine. 

In this county Wallace soils are mapped only in a com- 
plex with Kalkaska soils. 

Typical profile of Wallace sand in SWYSWY, sec. 1, 
T.12.N.,B. 15 W. 


Ap—0 to 7 inches, very dark grayish-brown (10YR 3/2) sand; 
weak, medium, granular structure; very friable; very 
strongly acid; abrupt, smooth boundary. 

A2—7 to 12 inches, light-gray (10¥R 7/1) sand; very weak, 
medium, subangular blocky. structure; very friable ; 
medium acid; abrupt, irregular boundary. 

B2ihirm—12 to 15 inches, black (5YR 2/1) sand; massive; 
indurated; very strongly acid; abrupt, irregular 
boundary. 

B22hir—15 to 30 inches, dark reddish-brown (5YR 3/3) sand; 
weak, coarse, subangular blocky structure; very fri- 
able; strongly acid; gradual, wavy boundary. 

B38—30 to 40 inches, yellowish-brown (10YR 5/4) sand that 
has common, fine, prominent mottles of red (2.5YR 
4/6) ; weak, coarse, subangular blocky structure; very 
friable; medium acid; gradual, wavy boundary. 

C—40 to 60 inches +, light yellowish-brown (10YR 6/4) sand 
that has many, medium, faint mottles of yellowish 
brown (10YR 5/4) and few, medium, distinct mottles 
of dark yellowish brown (10YR 4/4); single grain: 
loose; medium acid. 


Undisturbed areas of Wallace soils have a very dark gray 
or very dark grayish-brown surface layer that is 2 to 4 inches 
thick and is underlain by a layer of light sand 5 to 7 inches 
thick. The hardpan varies in the degree of cementation. In some 
areas it is well cemented and difficult to break, but in other 
areas itis broken and only weakly cemented. The subsoil ranges 
from very strongly to medium acid. Below a depth of 40 inches 
the material ranges from medium acid to slightly acid. 

The cemented layer in the subsoil of the Wallace soils is 
lacking in the Kalkaska and Rubicon soils. Wallace soils are 
better drained than Saugatuck soils. 


Warners Series 


The Warners series consists of very poorly drained soils 
that have a surface layer of muck mixed with fragments 
of mar]. These soils formed on deposits of marl that varied 
in purity. They generally occur in low ponded areas along 
the outer rims of flood plains. A few areas are on seepy 
hillsides, and there are small areas in depressions in the 
rolling areas of Ravenna and Casnovia Townships. The 
present vegetation consists of marsh grasses and some 
northern white-cedar and tamarack. 

The surface layer consists of black muck mixed with 
light-gray fragments of marl. It has granular structure, 
is very friable, and is calcareous. 

Underlying the surface layer is light-gray or white 
marl. This material is massive, friable, and calcareous. 

Warners soils are very slowly permeable. They have 
high available moisture capacity. 

These soils are in only a small acreage in Muskegon 
County. A small part of this has been cleared and is used 
for corn, small grains, and hay. Crops sensitive to lime are 
not suited. Most of the acreage remains in forest or has 
been cleared and is used for pasture. 

Typical profile of Warners muck in SW14SWY, sec. 23, 
T.10N., R. 18 W., Casnovia Township: 

Ap—0 to 8 inches, black (10YR 2/1) muck mixed with a few, 
medium, light-gray (10YR 7/1) fragments of marl; 


weak, fine, granular structure; very friable; calcare- 
ous; abrupt, smooth boundary. 
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C1—8 to 20 inches, light-gray (10YR 7/1) marl and very dark 
gray (10YR 3/1) organic material along root chan- 
nels; massive; friable; calcareous; gradual, diffuse 
boundary. 

C2—20 to 48 inches +-, white (10Y¥R 8/1) marl that has many, 
fine, faint mottles of very pale brown (10¥R 8/3) ; 
massive; friable; calcareous. 


In some areas of Warners soils the surface layer is as much 
as GO percent marl, In other areas a considerable amount of 
silt occurs in the upper 6 to 10 inches. The calcium carbonate 
in the marl ranges from 20 to 70 percent, Small fragments of 
snail shells occur in the marl and on the surface in many 
areas. 

Warners soils have a thinner organic layer than the Carlisle 
or the Houghton sofls. Marl underlies the organic material of 
the Warners soils, whereas sand underlies the organic ma- 
terial of the Tawas soils. 

Warners muck (0 to 2 percent slopes) (Wa).—Most of 
this soil is in low areas along the edge of flood plains. A 
few areas are on seepy hillsides, and small areas are in up- 
land depressions. The areas at the edge of the flood plains 
are likely to be ponded. 

The surface layer of this soil is black, well-granulated 
muck. It. is underlain by marl. 

Included with this soil in the mapping were areas that 
have a silt loam or loam surface layer. Also included were 
a few small spots that have a plow layer that is mostly 
marl. In places the organic layer is thick. These included 
areas are small and have no effect on use and management. 

This soil is difficult to drain because the marl is near the 
surface. Most areas are not suitable as cropland, but they 
can be used for forest: or pasture. 

Capability unit [Vw-5 (M/Mc); woodland suitability 
group U; wildlife suitability group 5; community develop- 
ment group 10. 


Wind Eroded Land, Sloping 


Wind eroded land, sloping (We) consists of sandy soils 
that are severely damaged by soil blowing. Blowouts and 
small dune-shaped knolls occur in many places. Slopes 
range from 0 to 12 percent. This land is mainly in areas 
that were Croswell and Au Gres soils, but some areas were 
the better drained Chelsea and Montcalm soils. 

On this land severe erosion has removed all or nearly all 
of the original surface layer and, in local areas, even the 
subsoil. The present surface layer is loose sand that has a 
low content of organic matter and is susceptible to soil 
blowing. 

This land has low fertility and available moisture ca- 
pacity. It is droughty during summer, and may be wet 
during the rest of the year. The water table fluctuates in 
most areas and is within 24 inches of the surface during 
spring. Poorly drained depressions occur locally. 

This mapping unit has been cleared of trees and cul- 
tivated, but it is now idle and has little or no plant cover. 
During spring, fall, and winter, further erosion may be 
retarded by the water table. Soil. blowing, droughtiness, 
and excess water severely limit use of this land as crop- 
land. Planting suitable trees helps to stabilize this land 
and to protect: it against soil blowing. 

Capability unit VIs-1 (Sa); woodland suitability 
group E; wildlife suitability group 2; community develop- 
ment group 3. 


Use and Management of the Soils 


The soils of Muskegon County are used mainly for crops 
and pasture. This section tells how the soils can be used 
for these main purposes, and it gives predicted yields of 
the principal crops. In addition, it explains how the soils 
can be managed as woodland, for wildlife, in building 
highways, farm ponds, and other engineering structures, 
and in community development. 

In discussing management of cropland and pasture and 
of soils used for wildlife, the procedure in this section is 
to describe groups of soils that require similar mannge- 
ment and then to suggest management. suitable for the 
groups. Management of woodland is also described for 
groups, but information about these groups is m a table. 


Crops and Pasture 


In this subsection, the capability classification and 
management groups are explained and the management of 
soils by capability units ts discussed. A table lists pre- 
dicted yields under two levels of management. 


Capability groups of soils 


Capability classification is the grouping of soils to show, 
ina general way, their suitability for most kinds of farm- 
ing. It is a practical classification based on limitations of 
the soils, the risk of damage when they are used, and the 
way they respond to treatment. The classification does not 
apply to most. horticultural crops, or to rice and other 
crops that, have their own special requirements. The soils 
are classified according to degree and kind of permanent 
limitation, but without consideration of major and gener- 
ally expensive landforming that. would change the slope, 
depth, or other characteristics of the soils; and without 
consideration of possible but unlikely major reclamation 
projects. 

In the capability system, all kinds of soils are grouped 
at three levels, the capability class, subclass, and unit. 
These are discussed in the following paragraphs, 

CapaBitiry Cuasses, the broadest grouping, are desig- 
nated by Roman numerals I through VIIT. The numerals 
indicate progressively greater limitations and narrower 
choices for practical use. The classes are defined as follows: 

Class I. Soils have few limitations that restrict their 
use. (None in Muskegon County.) 

Class IT. Soils have some limitations that reduce the 
choice of plants or require moderate conservation 
practices. 

Class ITI. Soils have severe limitations that reduce the 
choice of plants or require special conservation 
practices, or both. 

Class IV. Soils have very severe limitations that 
restrict the choice of plants, require very careful 
management, or both, 

Class V. Soils subject to little or no erosion but have 
other limitations, impractical to remove, that 
limit their use largely to pasture, range, wood- 
land, or wildlife food and cover. (None in Mus- 
kegon County.) 

Class VI. Soils have severe limitations that make them 
generally unsuited to cultivation and limit their 
use largely to pasture or range, woodland, or 
wildlife food and cover. 
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Class VIT. Soils have very severe limitations that 
make them unsuited to cultivation and_ that. 
restrict their use largely to grazing, woodland, or 
wildlife. 

Class VIII. Soils and landforms have limitations that. 
preclude their use for commercial plant produc- 
tion and restrict their use to recreation, wildlife, 
or water supply, or to esthetic purposes. 


CapaBiLiry SuBciasses are soil groups within one class; 
they are designated by adding a small letter, ¢, 2, s, or ¢, to 
the class numeral, for example, Ie. The letter ¢ shows that. 
the main limitation is.risk of erosion unless close-growing 
plant cover is maintained ; w shows that water in or on the 
soil interferes with plant growth or cultivation (in some 
soils the wetness can be partly corrected by artificial drain- 
age); s shows that the soil is limited mainly because it is 
shallow, droughty, or stony; and ¢, used in some parts of 
the United States but not in Muskegon County, shows that 
the chief limitation is climate that 1s too cold or too dry. 

In class I there are no subclasses, because the soils of this 
class have few limitations. Class V can contain, at the most, 
only subclasses indicated by 2, s, and ¢, because the soils 
in it are subject to little or no erosion, though they have 
other limitations that restrict. their use largely to pasture, 
range, woodland, wildlife, or recreation. 

Caranitiry Units are soil groups within the subclasses. 
The soils in one capability unit are enough alike to be 
suited to the sume crops and pasture plants, to require sim- 
ilar management, and to have similar productivity and 
other responses to management. Thus, the capability unit is 
a convenient grouping for making many statements about 
management of sails. Capability mits are generally desig- 
nated by adding an Arabie numeral to the subclass symbol, 
for example, Ife-1 or TITe-4. Thus, in one symbol, the 
Roman numeral designates the capability class, or degree 
of limitation, and the small letter indicates the subclass, 
or kind of Imitation, as defined in the foregoing para- 
graph. The Arabic numeral specifically identifies the capa- 
bility unit within each subclass, In the following pages the 
capability units in Muskegon County are described and 
suggestions for the use and management. of the soils are 
given. In this survey, the Arabic numerals are not consecu- 
tive, because not all the capability units used in Michigan 
ave represented in Muskegon County. 

In this soil survey, symbols made up of Arabic numer- 
als and small or capital letters follow the symbols of each 
capability unit. These symbols in parentheses identify the 
management group or groups, all or portions of which are 
represented by the soils in the capability unit. These man- 
agement groups are part of a statewide system used in 
Michigan for making recommendations about. applications 
of lime and fertilizer, about drainage, and about other 
practices. For an explanation of this classification, refer 
to “Fertilizer Recommendations for Michigan Crops” (4). 


Management by capability units 


This subsection describes the soils in each capability unit, 
tells of their use and suitability for crops and pasture, and 
discusses management practices. The soil series represented 
in each capability unit are named, but this does not mean 
that all the soils in the series are in the capability unit. 
To find the names of the soils in any given unit, refer to 
the “Guide to Mapping Units” at the back of this survey. 


CAPABILITY UNIT Me-1 (1.5a) 

This capability unit consists of gently sloping, slightly 
eroded to uneroded Nester soils that are well drained or 
moderately well drained. These soils have a clay loam sub- 
soil and underlying material. 

Water moves moderately slowly through these soils. 
Available moisture capacity is moderately high to high. 
These soils are fertile. They ave acid in the upper part and 
are alkaline in the lower part. A few aveas are moderately 
eroded and have poorer tilth and lower fertility than the 
uneroded or slightly eroded areas. 

These soils are well suited to most crops grown in the 
county if management is provided for controlling runoff 
and erosion and for maintaining soil structure and the 
content of organic matter. Because these soils dry out and 
warm up slowly in spring, planting dates are later than on 
soils of coarser texture. 

Good management provides return of crop residue, 
selection of a suitable sequence of crops, and use of prac- 
tices that control erosion. Soil tilth, especially that of 
eroded soils, is improved by adding organic material. 
Yields are reduced where erosion has removed the surface 
layer. The subsoil is tight and difficult to till. 

These soils are well suited to forage crops. The soils 
puddle, however, and have poor tilth, if grazing is 
permitted in wet periods. 


CAPABILITY UNIT Me-3 (3/2a) 


This capability unit consists of well drained or moder- 
ately well drained, gently sloping, slightly eroded or un- 
eroded soils. These soils have a sandy loam to clay loam 
subsoil and clay loam underlying material. They are in the 
Ubly series. 

Permeability is moderately rapid in the upper part of 
these soils and is moderately slow in the lower part. Avail- 
able moisture capacity is moderately high, but crops lack 
moisture during prolonged dry periods. Fertility is mod- 
erate. The upper part of these soils is acid, and the lower 
part is alkaline. Erosion is a hazard. ; 

These soils are suited to most crops grown in the county 
if management is provided for maintaining fertility and 
the content of organic matter, for controlling erosion, and 
for overcoming slight droughtiness. 

Tf cultivated crops are grown, use of terraces, stripcrop- 
ping, contour tillage, and other practices help to control 
erosion. A. sequence of crops that returns a large amount of 
organic matter helps to conserve soil and water. 

These soils are well suited to forage crops and to trees 
and plants that provide food and cover for wildlife. 


CAPABILITY UNIT Hw-2 (1.5b, 1.5¢) 

This capability unit consists of nearly level to gently 
sloping, somewhat poorly drained to very poorly drained 
soils. These soils have a clay loam or silty clay loam subsoil 
and underlying material. Their water table fluctuates and 
is at ov near the surface in spring. These soils are in the 
Hettinger, Kawkawlin, and Sims series. 

Permeability is moderately slow, Available moisture 
capacity and fertility are high, and the content of organic 
matter is moderately high. 

These soils are some of the most productive in the county. 
They are well suited to cops commonly grown in the 
county if management is provided for removing excess 
water, for maintaining fertility and content of organic 
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matter, and for improving the poor soil structure. Planting 
may be delayed because these soils, especially the very 
poorly drained Hettinger soils, warm up and dry out. 
slowly in spring. The Hettinger soils are in depressions and 
remain wet for extended periods. Crops grown in the de- 
pressions are subject. to damage from frost. 

A combination of tile and open ditches can be used to 
drain these soils. The soils are generally stable, and ditches 
require little maintenance. Tile drainage is more successful 
if soil structure is improved by adding crop residue and by 
tilling at a minimum. By delaying tillage during wet 
periods, puddling is prevented. 

These soils are well suited to forage crops. The selection 
of grasses and legumes depends on the degree of wetness. 
Tilth is impaired unless grazing is prevented during wet 
periods. 

CAPABILITY UNIT Iw-3 (1.5b) 

This capability unit consists of gently sloping, poorly 
drained soils that have a clay loam subsoil and clay loam 
underlying material. These soils are in undulating areas 
in which closed depressions are numerous. The water 
table fluctuates and is at or near the surface in spring. 
Thse soils are in the Kawkawlin series. 

Permeability is moderately slow. Available moisture 
capacity and fertility are high, and the content of organic 
matter is moderately high. 

The soils in this unit are among the most productive in 
the county. If adequately drained, they are well suited to 
crops grown in the county. In addition to drainage, man- 
agement. is needed that helps to contro] erosion, maintain 
fertility and content of organic matter, and improve tilth. 
Planting may be delaved on the soils in depressions because 
they are wet and dry out slowly in spring. Crops grown in 
the-depressions are subject to damage from frost. 

A combination of tile and surface drains can be used to 
drain these soils. Recanse the soils are generally stable, 
ditches used as surface drains require little maintenance. 
It is difficult, however, to lay out and install a drainage 
system in the undulating topography. Only tile laid at 
random and surface drains can be used in many areas. 
Drainage is more successful if soil structure is maintained 
by adding large amounts of crop residue and by tilling at a 
minimum. 

These soils are well suited to forage crops. The selection 
of grasses and legumes depends on the degree of wetness. 
In undrained areas tilth is impaired unless grazing is 
prevented during wet periods. " 


CAPABILITY UNIT IIw-6 (3c) 


This capability unit consists of nearly level, poorly 
drained Tonkey soils that formed in stratified sand, loamy 
sand, and sandy loam. These soils have a high water table 
in spring. 

The sotls of this unit are fertile and are well supplied 
with organic matter. Their high water table restricts In- 
ternal drainage, but water moves rapidly through these 
soils in drained areas where the water table has receded. 
Crops may benefit from the moisture they receive from the 
water table. 

These soils are suited to the crops commonly grown in 
the county, such as corn, small grains, and hay, but. arti- 
ficial drainage is required for optimum yields. In addi- 
tion to drainage, management is needed that helps to 
maintain fertility and the content of organic matter. Crops 
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grown in depressions and low places are subject to damage 
from flooding and frost. 

Drainage Is difficult on these soils because the soil ma- 
terial is unstable when wet. The drainage system should 
be installed during dry periods because trenches dug for 
laying tile and ditches for surface drains cave in readily. 
The tile lines may become filled with soil material unless 
care is used in blinding. Both surface drains and tile are 
needed in undulating areas. 

These soils are well suited to forage crops. In undrained 
areas it is necessary to select legumes and grasses that are 
tolerant of wet conditions. In all areas, grazing should be 
prevented during wet periods so that puddling is pre- 
vented and good tilth is maintained. 


CAPABILITY UNIT Yw-8 (3/2h) 


This capability unit consists of nearly level to gently 
sloping soils that are somewhat poorly drained. These 
soils formed in sandy loam material that was 18 to 42 
inches thick and underlain by loam to silty clay loam mate- 
rial. They have a high water table that. fluctuates. These 
soils are im the Belding series. 

The movement of water is moderately rapid through the 
upper part of the soils and moderately slow through the 
finer textured lower part. These soils are fertile and are 
moderately well supplied with organic matter. They are 
able to furnish the moisture needed by growing crops. 

Where these soils have been successfully drained, they 
are well suited to the crops commonly grown in the county. 
In addition to drainage, management is needed that helps 
to maintain fertility and the content of organic matter. 
Depressions are likely to be ponded during wet periods. 
In spring they dry out slowly, and planting may be 
delayed. 

Tile drains and ditches can be used to lower the water 
table and remove excess water. The depth and the spacing 
of tile lines depend on the depth to loam or silty clay 
loam material. Installation of tile lines is difficult because 
there are pockets of unstable wet sand. _ 

The soils are well suited to forage crops. The selection 
of grasses and legumes depends on degree of wetness. 
Grazing during wet periods is not advisable, because the 
trampling animals damage tilth and cause puddling. 


CAPABILITY UNIT IIle-4 (1.5) 


This capability unit consists of sloping, well drained or 
moderately well drained soils. These soils have a clay loam 
subsoil and underlying material. They are in the Nester 
series, 

The movement of water through these soils is moderately 
slow. Both available moisture capacity and natural fer- 
tility are high, but the content of organic matter is low, 
especially in moderately eroded areas. 

These soils are suited to crops commonly grown in the 
county, but management is needled that helps to maintain 
soil structure, control erosion, and return crop residue. Be- 
cause these soils warm up slowly in spring, planting may 
be delayed. These soils puddle if they are worked when 
they are too wet. A few spots are wet and need random tile 
drainage or surface drainage. 

Good management provides the return of crop residue, 
selection. of a suitable sequence of crops, and use of prac- 
tices that control erosion. Soil structure can be improved 
hy using a sequence of crops that returns large amounts of 
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organic residue. Because the subsoil is tight and difficult to 
til, yields are reduced where erosion has removed the sur- 
face layer. 


CAPABILITY UNIT Hile-9 (4/28, 3/2a, 4a) 


This capability unit consists of rolling, well-drained 
soils that are uneroded or only slightly eroded. The subsoil 
of most. of these soils is loamy sand or sandy loam that is 
underlain by sandy material, but in the Menominee soil 
the subsoil is underlain by clay loam material, These soils 
are in the Mancelona, Menominee, Montcalm, and Ubly 
series. 

The soils in this unit have moderately rapid to rapid 
permeability. Available moisture capacity is low or mod- 
erately low, and fertility and the content of organic matter 
are low. In cultivated areas soil blowing and water erosion 
are likely. 

Because these soils warm up early in spring but are 
droughty in summer, they are best suited to crops that can 
be planted early and that mature before the soils become 
too droughty. Favorable yields, however, are difficult to 
obtain. Practices are needed to control erosion and to in- 
crease fertility, the content of organic matter, and avail- 
able moisture. 

These soils are moderately well suited to forage crops, 
but yields are not so favorable, particularly during the dry 
summer months. 


CAPABILITY UNIT IIw-2 (1b, 1c) 


This capability unit consists of nearly level or gently 
sloping, somewhat poorly drained to poorly drained soils. 
These soils have a clayey subsoil and clayey underlying 
material, The water table is at or near the surface in 
spring. These soils are in the Pickford and Selkirk series. 

Permeability is slow or very slow. Both available mois- 
ture capacity and natural fertility are high, but the con- 
tent of organic matter is low to medium. 

These soils are well suited to most crops grown in the 
county if management is provided for disposing of excess 
water, for maintaining or increasing the content of or- 
ganic matter, and for maintaining good soil tilth. Because 
these soils dry out and warm up slowly in spring, planting 
may be delayed. 

Tile drains are suitable for removing excess water. The 
functioning of the tile lines is insured by blinding them 
with liberal amounts of straw or grass, or with topsoil 
rich in organic matter. In some areas backfilling to the 
surface with porous material is necessary. In gently slop- 
ing areas, surface drainage is helpful in supplementing 
the tile. Tile drainage is more successful if good structure 
is maintained by planting deep-rooted legumes, using 
minimum tillage, and returning crop residues. Structure 
and tilth are poor if these soils are worked when wet. 

These soils are well suited to forage crops. Grasses and 
legumes that tolerate wetness grow well. Grazing during 
wet, periods is not advisable, because the trampling 
animals damage structure and impair tilth. 


CAPABILITY UNIT Hlw-6 (4c) 


This capability unit consists of poorly drained, nearly 
level soils that formed in fine sand and very fine sand. 
These soils are wet. because their water table is near the 
surface during much. of the year. They are in the Deford 
series. 


Above the water table, permeability is rapid. Available 
moisture capacity and fertility are low. Frost damage is 
likely in low areas. 

These soils are suited to cultivated crops only if man- 
agement is provided for removing excess water and for 
improving fertility and the content of organic matter. 

Tile drains and open ditches can be used to remove 
excess water, but installing a drainage system is difficult. 
Installation is best during dry periods because the sides 
of ditches, and of trenches dug for tile, cave in readily 
when these sandy soils are wet. Because these soils are 
droughty after they are drained, controlled drainage is 
needed to regulate the amount of water available to plants. 

Forage crops are well suited to these soils. The grasses 
and legumes selected depend on the degree of wetness. 
Undrained areas furnish good forage during dry sum- 
mers, but in these areas wetness may delay seeding and 
grazing during spring. 


CAPABILITY UNIT HiIw-11 (5c) 


This capability unit consists of nearly level, poorly 
drained, sandy soils. The water table of these soils is at or 
near the surface during much of the year. These soils are 
in the Granby and Roscommon series. 

Above the water table, water moves rapidly or very 
rapidly through these soils. Available moisture capacity 
and fertility are low. The content of organic matter is 
moderately high. 

Tf these soils are adequately drained and otherwise well 
managed, they are fairly well suited to most crops com- 
monly grown in the county. Selected sites, however, are 
suited to cucumbers and other truck crops. A few areas 
of Roscommon sand are suited to blueberries. 

Tile drains and open ditches can be used to remove 
excess water, but installing a drainage system is difficult. 
The walls of trenches dug for tile cave in, and proper 
alinement of the file is difficult. Also, the sandy soil mate- 
rial readily fills the tile lines. Unless the banks of open 
ditches are seeded and kept in sod, they cave in readily 
and the ditches become clogged. After these soils are 
drained, they are droughty unless drainage is controlled 
so as to regulate the amount of moisture available to crops. 

These soils are better suited to forage crops than to 
cultivated crops. They produce moderately good pasture 
if grazing is restricted during wet periods. 


CAPABILITY UNIT HIw-12 (L-2c, L-Me) 


This capability unit is made up of nearly level, very 
poorly drained Kerston, Saranac, and Sloan soils that. 
occur on bottom lands and are subject to flooding. These 
soils vary in texture and drainage within short distances. 
The Sloan and Saranac soils consist. of alternating layers 
that range from moderately coarse to moderately fine in 
texture, The Kerston soil is made up of alternate layers 
of organic material and sandy material. The soils m this 
unit have a high water table and are saturated in spring 
and after floods. 

These soils have high or moderately high available 
moisture capacity. Fertility ranges from high to low. The 
content of organic matter 1s high in the Kerston soils and 
moderately high in Sloan and Saranac soils. Permeability 
is moderately rapid in the Kerston soil, moderate in Sloan 
soils, and moderately slow in the Saranac soil. If the soils 
in this unit are drained and protected from floods, they 
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are well suited to cultivated crops. The crops, however, are 
susceptible to frost drainage. Celery, onions, and other 
special crops are grown on the Kerston soil. 

Tile drains and open ditches can be used to remove 
excess water, but drainage is difficult because the texture 
of the soil material varies within short distances. Also, 
drainage outlets ave lacking in some areas. The Kerston 
soil is difficult to drain because it consists of sandy and 
organic material that is unstable when wet. Crops grown 
on the soils of this unit can be protected from flooding 
by diking. 

Where drainage is not practical, these soils are used for 
pasture, Restricting grazing during wet periods helps to 
maintain soil tilth and structure. 


CAPABILITY UNIT HIw-15 (Mc) 


This unit consists of poorly drained organic soils in 
which the organic material is more than 42 inches thick. 
These soils are in the Carlisle and Houghton series. 

These soils have low fertility, high available moisture 
capacity, and moderate to rapid permeability. Surface 
runoff is slow to ponded. The soils are generally low in 
content of phosphorus and potassium and in the micro- 
nutrients manganese, boron, copper, molybdenum, and 
zinc. 

Under good management, the soils in this unit are suited 
to specialized crops: such as celery, carrots, mint, and 
onions. Good management provides practices that control 
the height of the water table, maintain and improve fer- 
tility, lessen the frost hazard, control soil blowing, and 
eradicate weeds, pests, and diseases. Drained areas of these 
soils produce favorable yields of short-season, frost- 
resistant truck crops. Small grains have rank growth and 
lodge before harvest. 

Much damage is caused by soil blowing. The wind 
blows away newly seeded plants and damages older ones. 
It also thins the layer of organic material. Drainage 
ditches are filled by sand and organic material. Soil blow- 
ing can be reduced by compacting the surface, by irrigat- 
ing, by stripcropping, and by using buffer strips and 
windbreaks. Rows of grain 2 or 3 feet apart protect, the soil 
until the main crop is high enough to add its protection. 
Besides protecting the soil, the windbreaks provide nest- 
ing places and cover for wildlife. 

Artificial drainage is needed before these soils can be 
cultivated intensively, but drainage is not practical in 
some areas because suitable outlets are lacking. The water 
table needs to be kept at a height that will allow good 
growth of plants and yet keep subsidence of the soils low. 
The water table can be controlled by using dams, dikes, 
subirrigation through tile, pumps and irrigation wells, 
and a system of tile and open ditches. Subsidence is re- 
duced by keeping the water table high when these soils are 
not cropped. 

These soils are commonly irrigated by sprinklers so 
that yields are increased, young transplants are benefited, 
and frost damage is reduced. Frost damage is also reduced 
by selecting hardy plants, providing good air drainage, 
and applying a large amount of potash fertilizer. 


CAPABILITY UNIT IIIs-4 (4/2a, 4a) 


This capability unit consists of soils that are nearly level 
or gently sloping and well drained or moderately well 


drained. These soils are in the Mancelona, Menominee, 
Montcalm, and Rousseau series. Most of these soils are 
coarse textured, but the Menominee soils are underlain by 
clay loam material at a depth of 18 to 42 inches. 

Except in the Menominee soils, permeability is moder- 
ately rapid or rapid. In the Menominee soils, permeability 
is rapid above a depth of 18 to 42 inches and is moderately 
slow below that depth. Available moisture capacity is low 
in the Mancelona and Rousseau soils and is moderately low 
in the Menominee and Montcalm soils. The soils in this 
unit have low fertility and content of organic matter. 
Runoff is slow, and erosion generally is not a hazard. Till- 
age is easy and can be performed throughout a wide range 
of moisture content without clodding or crusting of the 
soils, 

Under good management, these soils are suited to corn, 
small grains, and meadows. Because they warm up early 
in spring, they are well suited to small grains and other 
crops that are seeded early. Small grains are more depend- 
able than corn because they mature before there is a serious 
shortage of moisture. Good management on these soils 
provides practices that maintain and increase fertility and 
the content of organic matter, that increase the moisture 
available during dry periods, and that control soil blowing. 
The Rousseau soils are more droughty than the other soils 
in this unit and are more susceptible to soil blowjng. 

Large additions of crop residues and manure and the use 
of green-manure crops help to increase fertility and the 
content of organic matter. Large additions of commercial 
fertilizer are not profitable in dry years. 

Because these soils are generally moist and warm up 
early in spring, forage crops grow well early in the grow- 
ing season. But growth is reduced during the dry summer 


‘months, Deep-rooted, drought-resistant plants grow best. 


Lime is generally needed if legumes are grown. 


CAPABILITY UNIT IVw-2 (4/1b, 5b, 5b-h) 

This capability unit is made up of nearly level or gently 
sloping, somewhat poorly drained soils. These soils are in 
the Allendale, Au Gres, Ogemaw, and Saugatuck series. 
The Au Gres and Saugatuck soils in this unit formed in 
sand more than 42 inches thick. The Ogemaw and the 
Allendale soils formed in a layer of sand, 18 to 42 inches 
thick, over clay material. The Ogemaw and Saugatuck 
soils have a cemented hardpan in their subsoil. The soils 
of this unit have a fluctuating water table that is near the 
surface during wet periods. 

If the water table is lowered by artificial drainage, water 
moves rapidly or very rapidly through the sandy part of 
these soils. The movement of water is restricted by the 
cemented hardpan and the underlying material in the 
Ogemaw soil, by the cemented hardpan in the Saugatuck 
soil, and by the underlying clayey material in the Allen- 
dale soil. The cemented subsoil also restricts the growth of 
roots in Ogemaw and Saugatuck soils. Available moisture 
capacity, the content of organic matter, and fertility are 
low. Reaction is acid. 

These soils are not well suited to cultivated crops but 
can be used for forage. If they are drained and well 
managed, they can be used for crops. Selected areas are 
suited to blueberries. Sites that meet the exacting require- 
ments of this special crop are relatively valuable. 
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If these soils are cultivated, management is needed that 
lowers the water table, controls water erosion and soil 
blowing, and improves fertility and content of organic 
matter. A cropping system that returns large amounts of 
crop residue helps to improve fertility and content of 
organic matter. 

Drainage systems are difficult to install and relatively 
expensive. Because trenches dug for tile readily cave in, 
the tile should be installed during the driest part of the 
year, In some areas sand flows into the completed tile lines 
and clogs them. The banks of open ditches are unstable 
and cave in readily. These soils are droughty if the water 
table is lowered too much. Soil blowing, especially in 
intensively cultivated areas, also isa hazard. 

Where these soils are used for forage, lime and fertilizer 
are needed more frequently than on most: other soils in the 
county. Grazing should be restricted during wet. periods in 
undrained areas, 


CAPABILITY UNIT IVw-5 (M/4c, M/mc) 


This capability unit consists of very poorly drained soils 
that formed in organic material that overlies sand or marl. 
Thickness of the organic material ranges from 8 to 42 
inches. These soils are in the Tawas and Warners series. 
The Tawas soil has a thicker layer of organic material than 
Warners soil and is underlain by sand instead of mati. 

The soils in this unit are saturated because the water 
table is high. Available moisture capacity is high, but the 
soils are droughty if the water table is lowered too much. 
Runoff is very slow or ponded. Permeability is rapid in 
the Tawasg soil and is very slow in the Warners sor]. In 
the Warners soil downward movement of water and roots 
is restricted by the marl. The content of plant nutrients, 
especially of the micronutrients, is low. Alkalinity reduces 
availability of plant nutrients in the Warners soil. 

The Warners soil in this unit generally is not suited to 
cultivated crops, but it can be used for grasses and trees. 
A few areas are used for corn and small grains. The Tawas 
soil is suited to onions, celery, and other specialized crops 
if management is used that lowers the water table, main- 
tains or Improves fertility, controls soil blowing, prevents 
fires, and eradicates weeds, pests, and diseases. 

Soil blowing is a serious hazard, for it carries away 
newly planted seed, and it thins the layer of organic mate- 
vial, Drainage ditches are filled with drifting soi] material. 
Soil blowing can be reduced by compacting the surface, 
by irrigating, by striperopping, and by using buffer strips 
and windbreaks. Rows of grain planted 2 or 8 feet apart 
protect the soil until the main crop is tall enough to add 
its protection. Windbreaks, besides protecting the soil, pro- 
vide nesting places and cover for wildlife. 

Artificial drainage generally is required before the 
Tawas soil can be used for crops. By controlling the height 
of the water table, subsidence of the soil is reduced and 
yields are increased. Grasses generally tolerate a high 
water tuble better than do crops. In most areas of the 
Warners soil drainage is not practical, because the marl is 
near the surface and outlets are lacking. 

The water table of the soils in this unit can be controlled 
by the nse of dams, dikes, swbirrigation through tile lines, 
pumps, irrigation wells, and a system of tile and open 
ditches. Subsidence is reduced if the water table is allowed 


to rise when crops are not grown. Wind erosion is also 
reduced by allowing the water table to rise. 

These soils, both Tawas and Warners, are commonly 
irrigated by sprinklers so that yields are increased, soil 
blowing is decreased, young transplants are benefited, and 
frost damage is reduced. Frost damage is also reduced by 
selecting hardy plants, providing good air dratnage, and 
applying a large amount of potash fertilizer. 

In most places additions of phosphate and potash are 
needed, as are additions of manganese, boron, copper, 
molybdenum, and zinc. The amount and kind of fertilizer 
applied depend on soi] reaction and the erop to be grown. 


CAPABILITY UNIT IVs-2 (5a) 

This capability unit consists of nearly level or gently 
sloping, well drained or moderately well drained soils. 
These soils are in the Chelsea, Croswell, and Sparta series. 
Except for the Chelsea. soil, these soils have sand through- 
out their profile. The Chelsea soil contains layers of loamy 
sand. The Sparta soil is darker colored than the other soils 
of this unit. In the Croswell soil the water table is within 
2 to 3 feet. of the surface during wet. periods. 

Water moves rapidly or very vapily through these soils. 
Available moisture capacity and fertility are low. The con- 
tent. of organic matter is high in the Sparta soil and low 
in the other soils in this unit. Organic matter decomposes 
readily in these soils. Runoff is slow, and water erosion 
generally is not a hazard. The soils are easily tilled and can 
be cultivated throughout a wide range of moisture content. 

Use of these soils for crops is severely limited by low 
fertility and available moisture capacity and by the hazard 
of soil blowing. If crops are grown, they show signs of 
drought sooner than do crops on most other soils m the 
county. Early season crops are better suited than crops 
planted late in spring, for these soils dry out and warm 
up early in spring. Also, they can be worked earlier than 
loamy and clayey soils. 

Large additions of crop residue and manure, including 
green manure, help increase fertility and the content of 
organic matter. Large additions of commercial fertilizer 
are not profitable in dry seasons. Crops planted as winter 
cover and trees planted in windbreaks protect these soils 
from soil blowing. 

Forage crops are most abundant early in the growing 
season before these soils become too dry. Deep-rooted, 
drought-resistant forage crops grow best. Tf legumes are 
grown, lime is generally required. 


CAPABILITY UNIT Vle-1 (1.58) 

This capability unit is made up of steep, well drained 
or moderately well drained soils of the Nester series. These 
soils have a clay loam subsoil and underlying material. 
Most areas are severely eroded, but a small acreage is only 
moderately eroded. 

Permeability is moderately slow. Available moisture 
capacity and fertility are high. In severely eroded areas 
fertility, tilth, and the content. of organic matter are lower 
than in less eroded areas. Runoff is rapid, especially in 
severely eroded areas. 

These soils are better suited to hay, pasture, or trees than 
to cultivated crops. Plants may lack moisture because run- 
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off is rapid and little moisture enters the soil. Also, it is 
difficult to operate farm machines safely and efticiently on 
the steepest slopes. 

_ Good management provides practices that reduce runoff, 
improve structure and tilth, and control erosion. 


CAPABILITY UNIT VIs-1 (5a, 5/2a, Sa) 


This capability unit consists of nearly level to sloping, 
well-drained to somewhat poorly draimed Chelsea and 
Rubicon soils and Wind eroded land. These soils formed 
in sand that is generally more than 60 inches deep, but 
in the Rubicon soil that has a loamy substratum, loamy 
material is at a depth of 42 to 66 inches. The surface layer 
of Wind eroded land has been removed by soil blowing, 
and blowouts occur in some areas. 

Water moves rapidly or very rapidly through these 
soils. Available moisture capacity and fertility are low, 
and runoft is slow to medium. The content of organic 
matter 1s low, especially in the Wind eroded land. 

The soils in this unit are poorly suited as cropland. They 
are subject to severe soil blowing if large areas are exposed 
by tillage. Available moisture is seldom adequate for the 
growth of crops, especially during the hot summer months. 

These soils are not well suited to forage crops or pasture. 
Yields are not dependable; pastures dry up and yield little 
food during dry periods. Trees, especially pines, can be 
grown. 

CAPABILITY UNIT VIle-1 (1a, 1.5) 

This capability unit consists of very steep, well drained 
or moderately well drained soils in the Kent and Nester 
series, These soils have a clay or clay loam subsoil and un- 
derlying material. A small acreage is severely eroded. 

Erosion is a severe hazard if these sotls are cultivated. 
Available moisture capacity is high, but runoff is very 
rapid and little water that can be used by plants is ab- 
sorbed. In severely eroded areas tilth and structure are 
poor and the content of organic matter is lower than that 
in uneroced areas, 

These soils are too steep for use as cropland. The se- 
verely croded areas were cultivated at one time but are 
now 1n pasture or are idle. Management that keeps these 
soils in pasture or trees helps to control further erosion. 
Fruit trees are grown in a few areas, and here special 
care is needed to reduce the hazard of erosion. These soils 
are suited as woodland. 


CAPABILITY UNIT VIIs-1 (5a, 4a, 5.3a, 5a-h, 5.78) 

This capability unit consists of nearly level to very steep, 
well drained to moderately well drained sandy soils. These 
soils consist of sand that extends from the surface to a 
depth of 66 inches or more. They are in the Chelsea, Deer 
Park, Grayling, Kalkaska, Montcalm, Rubicon, and Wal- 
lace series. 

Water moves through these soils rapidly or very rap- 
idly. Available moisture capacity, fertility, and the con- 
tent of organic matter are low. If these soils are tilled, the 
organic material decomposes rapidly and soil blowing is 
likely. 

These soils generally are not suited as cropland, though a 
few areas are irrigated and are used for special crops. The 
use of farm machines is severely limited on the steep and 
very steep slopes. Yields of forage crops and pasture are 
not dependable, for these soils dry out readily during the 


dry summer months. They are suitable for various species 
of trees. 
CAPABILITY UNIT VIMs-1 (5a, Sa) 

This capability unit consists of nearly level to very 
steep, well-drained sands that are deep, very loose, and 
dry. These sands are very low in fertility and in content. 
of organic matter. They are subject, to severe soil blowing, 
and the wind is constantly changing the shape of their 
landforms. Blown-out land, Dune land, and Lake beaches 
are in this capability unit. 

The areas of Dune land in this unit can support trees 
after they are stabilized and adapted species are estab- 
lished. The land can be stabilized by planting beachgrass 
or by using a brush-type mulch. Hand labor must be used 
to plant and maintain both trees and grasses. 

The areas of Lake beaches in this unit normally do not 
support permanent vegetation. These areas, however, have 
esthetic value and are well suited to recreation. 


CAPABILITY UNIT VIIIw-1 (Sc) 


This capability unit consists only of the mapping unit 
Marsh. Saturated organic material or sediments from 
rivers make up the soil material of Marsh. 

The vegetation consists mainly of cattails, rushes, sedges, 
water lilies, and other water-tolerant plants. Tamarack, 
aspen, and willow also grow ina few places, Marsh is well 
adapted to use as a habitat for wetland wildlife. 


Predicted yields 

The predicted average acre yields of the principal crops 
evown in Muskegon County are given in table 2. The esti- 
mates are given for the soil at two levels of management. 
Only the arable soils, those suitable for cultivation, are 
listed in table 2. The estimates are based on information 
obtained from farmers, from members of the staff of the 
Michigan Agricultural Experiment. Station, from Sorl 
Conservation Service personnel, and from others familiar 
with the soils and crops of the county. 

Tn columns A are average yields obtained under the 
management that was common m the county when the sur- 
vey was made. In this management, lime and fertilizer 
are applied, but normally not in amounts sufficient to 
insure good yields. Barnyard manure produced on the 
farm is returned to the soil. Some areas have been artifi- 
wally drained, but many of the low areas still require 
drainage, In most areas, a crop rotation is used that in- 
cludes mixed grasses and legumes, but the mixture is not 
used long enough in rotations on the steep or the sandy 
soils. 

The yields in columns B are obtained under improved 
management. In this management, lime and fertilizer are 
applied in amounts indicated by soil tests and according 
to the need of the crop grown. Where needed, a complete 
drainage system is installed. The plants are of adapted and 
improved varieties, and the seed of high quality. If needed, 
other conservation practices are used to control erosion 
and to conserve moisture. The cropping system used is 
adapted to the soils, and seeding, spraying, and cultiva- 
tion are done at the proper time. 

Because of the influence of Lake Michigan, the range in 
climate and the resulting yields vary from one part of the 
county to another. This influence of Lake Michigan also 
allows a number of special crops to be grown, though yields 
of these crops have not been predicted. 
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TABLE 2.—Predicted average acre yields under two levels of management 


[Yields in columns A are those expected under ordinary management; those in columns B are for improved management. Dashes indicate 
soil is not suited to the crop, or that the crop ordinarily is not grown} 


Alfalfa or | Clover- 
Corn Oats alfalfa- grass 
Mapping unit (silage) brome hay 

Au Gres-Saugatuck sands, 0 to 6 percent slopes._______.......-----_--- 
Belding and Allendale soils, 0 to 6 percent slopes: 

Bel din or soil sn et at ee i el hy Sh ae nS i inh a ea 45} 70 71 11} 40| 75] 28] 45 | 2.1] 3.8 11.7} 2.4 

Allendale Soi): be 0 ee Ole hs Des hl ee oS tak Eee Larne RAL tie ta 30] 55 5 9| 32) 50] 22] 82) 1.5) 3.0 [1.2] 2.0 
Belding- Ubly sandy loams, 2 to 6 percent slopes: 

Belding sO Me 32 cate tay ee aN a, elt San Saher NY Ye lee Ns 45) 70 7! 11) 40] 75] 28] 45] 2.1) 3.8 )1.7] 2.4 

Uiblys oil. jan oa A i ee Mo ee RR ad UE a a 50} 85 8 13 | 40| 75 | 32] 45 | 2.4) 4.0 [1.5] 2.2 
Chelsea-Mancelona loamy sands, 2 to 6 percent slopes.__.____....--_--- 20] 40 3 6/18] 34) 13] 2211.2] 2.0 /1.0[ 1.5 
Chelsea-Mancelona loamy sands, 6 to 12 percent slopes__.___.._.-_--____ 15| 35 2 5} 15] 30] 10) 20) 1.2) 2.0 | 1.0] 1.5 
Chelsea and Montcalm sands, 12 to 25 percent slopes_..._____.___.-_.-- neal he oi cect, Sted) oe." | el exe h) eels eOutmaky toil Saeed 
Croswell and Au Gres sands, 0 to 6 percent slopes_.........------------ 25) 45 4 71) 20| 40] 16] 25) 1.3) 2.1 31.1) 1.8 
Deford fihe sands -2scoc lee ee eee ote eee cc te eked 38| 70 6| 11 | 35 | 58 | 22] 385 | 1.8] 8.0 ]1.5] 2.3 
Granby loamy sand_.__....2.--_-___-_- 2-2 eee eee ee ee 25| 48 4 7122) 45112} 25 }1.2) 2.2 11.0] 1.8 
Hettinger and Pickford soils: 

Hettinger soil_..._-_-_._-2 2 eee eee eee eee 55] 90 S| 14] 50] 80] 30] 48] 2.5) 38.8 12.0] 2.9 

Pickford: s0ilicwcs.2 20 se en eee eos oe a es eee 35] 70 5 11) 45] 65 | 27] 40} 2.4) 3.5 | 2.0] 3.0 
Houghton peat and muck_____..-....__.-_-----2-- 2-2 --e--- 60} 100 Ol! OLB 2 llucce| Stel eet | acieg| tea | eee) edocs 
Kalkaska-Wallace sands, 2 to 6 percent slopes._________..-__._..---__- 20} 40 3 6| 18] 34] 13] 22} 1.2) 2.0/1.0) 1. 
Kawkawlin loam, 0 to 2 percent slopes._..-..2.....-__--._.----_------ 55| 90 8| 14] 48] 75] 30] 48] 2.3] 3.5 ]1.8] 2.6 
Kawkawlin loam, 2 to 6 percent slopes__..-........----------------_-- 55[ 90 8| 14] 48] 75] 30} 48 | 2.3) 3.5 | 1.8] 2.6 
Kawkawlin and Selkirk loams, 0 to 2 percent slopes:.....-......-----__- 

Kawkawlin soil_.._....-..--22 22. eee eee 55 90 8 14] 48] 75 | 30] 48 | 2.8] 3.5/1.8] 2.6 

Delkirk soil: 0202 2 ee Ne ie A a es ee hee me and 55] 90 8] 18) 48] 75] 30] 45 | 2.3} 3.5 71.8] 2.6 
Kawkawlin and Selkirk loams, 2 to 6 percent slopes: 

Kawkawlinsoilsc-3c cence cdo s ee teeebe cee sth Jehu ete 22d 55| 90 8] 14] 48] 75) 30] 48 | 2.3] 3.5/1.8] 2.6 

Selkitk soilia 0220. eo ote Cae eee dete eee ess hee aan 55 90 8 13| 48] 75 | 30] 48 | 2.8/ 3.5 ]1.8/ 2.6 
Kerston mick 1223 20 b= te cutee es 0e eA ues og em Raga neal 50} 90 Bi hae Sie ab ks We cede eee tee ce | ree 
Menominee and Ubly soils, 2 to 6 percent slopes: 

Menominee soil___._.___.....-.--------------- Gta ie dyense ree ee 35] 65 5} 10} 30} 50] 20] 30] 1.5] 2.6)1.2] 2.0 

TW DIY e80i lei cite te cee Ee = ee eB ee hes BE oe al Neh atl nt 50 85 8 13] 40] 75 | 382) 45} 2.4) 4.0 ]1.5] 2.2 
Menominee and Ubly soils, 6 to 12 percent slopes: 

Meénomirnece-soilnce. oe. ae ot ek Ske see Sw ec eS ae 30; 60 4 9] 25) 45] 16} 26] 1.5] 2.6/1.2) 2.0 

Uy: SO ile 25s 62 ales Site Ee pet ty Bate Sats se meee eras tee ae 45 80 7 12/1 35} 70] 28] 40) 2.4] 4.0 11.5] 2.2 
Montcalm and Chelsea soils, 2 to 6 percent slopes...._----._---------.-- 35| 65 5] 10] 30] 50; 20] 30) 1.5] 2.6 | 1.2] 2.0 
Nester loam, 2 to 6 percent slopes......-.--_...---------------------- 50| 90 8| 14] 48] 70) 32] 45] 2.3] 4.0 ]1.8] 2.6 
Nester loam, 6 to 12 percent slopes._._.....-.-.__....---------------- 50) 90 8| 14] 42) 65] 32] 45] 2.3] 4.0]1.8] 2.6 
Nester sandy loam, 6 to 12 percent slopes_____._...------------------- 50} 90 8] 14] 42] 65] 32) 45 |] 2.3] 4.0]1.8] 2.6 
Nester soils, 12 to 25 percent slopes_______.--...-_-__.-------------- | .-.] ---] --.] 25} 55] 15] 30] 2.0] 3.7 | 1.5) 2.3 
Nester-Kawkawlin loams, 2 to 6 percent slopes...__.._-_---..----------. 50} 90 8| 14] 48] 70] 32] 45] 2.3] 4.0}1.8] 2.6 
Nester- Ubly sandy loams, 2 to 6 percent slopes___.-___---_.--------._- 50] 85 8| 13] 40] 75) 32) 45) 2.44 40]1.5) 2.2 
Ogemaw loamy sand, 0 to 6 percent slopes.___...--------------------- 25| 45 4 7| 20} 40! 16] 25] 1.2) 2.2) 1.1) 18 
Roscommon and Au Gres sands....___..-----.-_--------.------------ 25, 48 4 7} 22/| 45) 12] 25/1.2) 22/10) 18 
Rousseau fine sand, 0 to 6 percent slopes__..--.-_------------- etna tgs 30] 60 4 9! 25] 45; 16] 26] 1.5] 26] 1.2) 2.0 
Rubicon loamy substratum and Montcalm soils, 0 to 6 percent slopes: : 

Rubitons0ilew2ce he 202 osc ele Sew cates eee eee eee ees 20| 40 3 6| 18] 34] 13} 22} 1.2) 2.0/1.0] 1.5 

Montcalm silos ctise cee eS et owe ec ee cee eee oe ee 35| 65 5| 10] 30] 50/ 20] 30] 1.5) 2.6]1.2) 2,0 
Rubicon loamy substratum and Montcalm soils, 6 to 12 percent slopes: 

Rubicon: s0ile2020 fou een ce ent ved tee ee ceead aes She tokedaie 15) 35 2 5| 15] 30] 10] 20] 1.2) 20]1.0} 14 

Montealm soil__.-._.___._..- 12-2 .----- eee 30 60 4 9| 25) 45) 16] 26) 1.5] 26)12] 2.0 
Saranac 0aMmie. crt 2k oak a tA a ee ee Se eet eee nko 40| 90 6| 14] 40] 70| 20] 40; 1.9) 3.5/1.8] 2.9 
Sims lOdM 22-2272.) 22 5.022 ot cae od eet et al oh emia ea 55] 90 8| 14/1 50/ 80; 30] 48) 2.5) 3.8}2.0) 2.9 
Sloan soils: 322). 2. os ocs oes el avis Seeeew ee ook tee eek eheenee 40| 90 6] 14; 40] 70) 20; 40] 1.9] 3.5 71.8] 2.9 
Tawas and Carlisle mucks__...._...___..-----__-..------------------ 50; 80 Bal TDA cre | ane | eee ee oil cee Wiel, | Sec 
Tonkey and Deford soils: , 

T onk6y: SO)» fsoh sci in Oe ee ey ee AO oes IS NS 50} 80 8] 12] 40) 75) 27) 45/21) 3331.7) 24 

Deford: soil sseeu ec toad hte oe oe ocean bate ena view 38| 70 6] 11] 35/ 58 | 22] 35)1.8] 3041.5) 2.3 
Warners muckz seus. 2220. b sos sivas See oe es ates alk 45| 71 7 See fs | eel|| aes] ferent ees De So8 
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Woodland ‘ 


The area that is now Muskegon County originally was 
covered almost entirely by forest. White oak, beech, and 
maple (fig. 6) grew on the finer textured soils in morainic 
areas, and pine was common in the sandy parts of the 
county. 

Tn 1887, the first sawmill] was established on Lake Mich- 
igan at the mouth of the Muskegon River. From this 
beginning, the lumber industry grew and flourished until, 
at its peak, nearly a billion board feet: of umber was cut 
each year for the mills along Lake Michigan alone. By 
the turn of the century, this cutting and great forest fires 
had eliminated much of the timber on the watershed of the 
rivers in the county and the mills were moved or 
abandoned, 

Today a paper company and a bowling equipment com- 
pany still operate, partly because the Great Lakes provide 
transportation, Also, hard maple of high quality still 
grows in the county and in the southern part of Michigan. 
The white pine trees cut. for timber are being replaced, in 


* By H. R. Wirson, woodland conservationist, Soil Conservation 
Service. 


small part, by plantations of pines sold as Christmas trees. 
This new industry is growing. 

About 50 percent of the land area of the county is still 
woodland, most: of which is privately owned. The public 
land is in the Manistee National Forest, in State parks and 
game areas, in county parks, and in school-owned forests. 
Because of the large population in and near the county, 
the woodland of the county is used for several purposes, 
especially recreation. 

Much of the woodland is on droughty, infertile soils 
where the trees are black and white oaks of low quality 
and the understory is white pine in many places. This 
pine is valuable and needs to be released and properly 
managed (fig. 7). Adapted species of other trees can be 
underplanted in many existing stands, and desirable 
species can be planted m other areas if they are managed 
well. The growth of trees can be increased by protecting 
them from grazing animals, by killing the cull trees, and 
by removing undesirable species. 


Woodland suitability groupings 


The soils of Muskegon County have been placed in 
woodland suitability groups to assist farmers and others 
in planning use of the soils as woodland. Each group con- 
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Figure 6.—A virgin forest of beech and maple on Nester loam, 2 to 6 percent slopes. 
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sists of soils that have similar potential productivity and 
require similar management. These groups are described 
in table 8. To determine the soils in each group, refer to the 
“Guide to Mapping Units” at the back of this survey. 

Table 3 shows for each woodland suitability group, po- 
tential productivity for stands of pine, spruce-fir, aspen- 
birch, oaks, and mixed hardwoods and gives the species 
to favor in existing stands and those to plant in new or 
cutover stands, Table 3 also rates the major limitations 
and hazards that affect management. These ratings do 
not consider the use of soils for growing Christmas trees 
and other special woodland crops. The terms used in table 
3 ave explained in the following paragraphs. 

Potential productivity ratings—In table 3, potential 
productivity is rated very high, high, medium, low, and 
very low. Very high potential productivity indicates an- 
nual growth of more than 325 board feet or 1.2 cords per 
acre; high, 275 to 325 board feet or 0.8 to 1.2 cords; me- 
dium, 200 to 275 board feet or 0.5 to 0.8 cords; dow, 125 to 
200 board feet or 0.2 to 0.5 cords; and very Jow, less than 
125 board feet or 0.2 cords. The ratings are for well- 
managed, fully stocked stands, and they express approxi- 
mate annual growth. The name of a woodland type 
designates the dominant species in the type. Because the 
ratings cover a range of productivity, each soil should be 
considered separately in determining its potential pro- 
ductivity for trees. A detailed description of eacly soil is 
given in the section “Descriptions of the Soils.” 

Species priority —The two columns under the heading 
“Species priority” show the kinds of trees to favor in ex- 
isting stands and those suitable for planting. In both 
columns the trees are listed in order of preference, the 
most desirable first. Priorities are based on the produc- 
tivity rating of the soils and the potential commercial 
value of the trees. 

Seedling mortality —This term refers to the expected 
loss of seedlings that is caused by unfavorable features of 
the soil or topography but not by competing plants. Depth 
to water table and droughtiness were the two most im- 
portant soi] features that were considered in rating the 
soils. The rating slight indicates that adequate natural 
regeneration ordinarily will take place. The water table is 
seldom within reach of the main part of roots of seedlings, 
and the soil furnishes adequate moisture to seedlings 
throughout the growing season. Moderate indicates that: 
natural regeneration cannot always be relied on for ade- 
quate and immediate restocking, probably because the 
water table is at the level of the tree roots during the early 
part of the growing season, or because the soil does not, 
furnish sufficient moisture for the seedlings during the 
driest part of the growing season. In extremely dry years 
moisture is insufficient during much of the growing season. 
Seedling mortality is severe if the water table is at or near 
the surface throughout the first half of the growing sea- 
son, or if there is a shortage of water during much of the 
growing season. If seedling mortality is severe, much re- 
planting, special preparation of the seedbed, and superior 
planting techniques are needed to assure adequate 
restocking. 

Plant competition—When a site has been disturbed by 
fire, by cutting, or by some other means, the invasion of 
undesirable brush, trees, or other plants may delay or 
prevent the establishment of desirable trees. The degree 
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Figure 7—Scrubby black and white oaks with an understory of 
white pine on sandy Rubicon soils. Release of the white pine 
is needed. 


that. unwanted plants compete with the desirable trees is 
rated slight, moderate, or severe. A rating of s/ight means 
that competition from other plants is no special problem. 
Moderate means that there is plant competition but that, 
it generally does not prevent establishment of an aclequate 
stand. Severe means that competing plants prevent. ce- 
sired trees from restocking naturally and that careful 
minagement is needed to control these plants in areas 
where seedlings are planted. 

Insect and disease hazards —TVhe hazards that trees 
may be damaged by insects and diseases are also rated as 
slight, moderate, or severe. Because little information 1s 
available on how soils affect damage by insects and dis- 
eases, the ratings are more general fhan ratings for other 
hazards in table 3. 

Equipment limitations—The use of equipment com- 
monly used in tending or harvesting trees may be limited 
or prevented by features of the soil and topography. This 
linitation is rated slight, moderate, or severe, Slight 
means that there is no special problem in use of equip- 
ment. Moderate means that not all types of equipment can 
be used and that there is a seasonal restriction of less than 
3 months when equipment cannot be used. Equipment 
limitation is sewere if the type of equipment. that can be 
used without damage to the trees is limited ancl if there 
is a seasonal restriction of more than 3 months when 
equipment cannot be used. 
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TaBLE 3.—Woodland suitability groups, their potential productivity, species , 


Woodland suitability group ! 


Group A: Well drained and moderately well drained 
gently sloping to rolling, loamy soils over clay loam. 


Group B: Well drained and moderately well drained 
soils with a clayey or loamy subsoil over silty clay or 
clay loam. Permeability is slow or moderately slow, and 
available moisture capacity is high. 

Group C: Well drained or moderately well drained soils 
with a sandy to loamy subsoil over clay loam or sand 
and gravel below a depth of 18 inches. Permeability is 
moderately rapid to rapid, and available moisture 
capacity is low or moderately low. ‘ 

Group E: Weil drained or moderately well drained 
sandy soils. Permeability is rapid or very rapid, and 
available moisture capacity is low. 


Group F: Somewhat poorly drained or poorly drained 
sandy soils that have a hardpan in some areas and a 
water table near the surface during wet periods. Per- 
meability is very rapid or rapid above the water table, 
and available moisture capacity is low. 

Group G: Somewhat poorly drained soils formed in 
sandy or loamy material over loam to clay at a depth 
of 18 to 42 inches. A high water table is at or near the 
surface during wet periods. Permeability is moderately 
slow to very slow, and available moisture capacity is 
moderately low to moderately high. 

Group H: Well drained and moderately well drained 
sandy soils that have a cemented hardpan in some 
areas. Above the hardpan, permenbility is rapid or 
very rapid and available mositure capacity is low or 
very low. 

Group O: Soils on nearly level bottom land along 
streams that are very poorly drained, have sandy or 
loamy subsoils, and are subject to flooding. Permea- 
bility is moderate to moderately slow, and available 
moisture capacity is moderately high to high. 

Group P: Poorly drained and very poorly drained soils 
with a loamy or loamy and clayey profile and a high 
water table, especially in spring. Permeability is mod- 
erately slow or very slow, and available moisture ca- 
pacity is high. 

Group Q: Poorly drained sandy soils with a high water 


table. Permeability is rapid or very rapid, and avail- - 


able moisture capacity is low. 

Group U: Very poorly drained organic soils with a 
high water table. These soils are saturated with water 
most of the year. 


Group V: Well-drained, nearly level sandy soils that 
are dark colored and droughty. Permeability is very 
rapid, and available moisture capacity is low. 

Group W: Poorly drained, moderately coarse textured 
and coarse textured soils with a high water table. Per- 
meability is rapid, or moderately rapid, and available 
moisture capacity is low to medium. 

Group Y: This group consists of sand dunes, lake 
beaches, and severely eroded sandy soils. Available 
moisture capacity is low, and the soils are difficult to 
stabilize? 

Group Z: Somewhat poorly drained soils that have a 
clayey or loamy subsoil over clayey or loamy material 
and a fluctuating water table. Permeability is mod- 
erately slow or slow, and available moisture capacity 
is high. 


a ae 


Medium to 
high. 


Low to medi- 
um. 


High to very 
high. 


High to very 
high. 


Low to 
medium. 


Low. -.._.-- 


Medium to 
high. 


Medium____. 


Very low. _-- 


Very low. __- 


| 


[Absence of rating for potential productivity indicates 


Spruce-fir 
Medium to 
high. 


Medium to 
high. 


Medium_-_-_.- 


Low to 
medium, 


Medium... __ 


Low to 
medium. 


Very low. ._- 


Medium____- 


Aspen-birch 
Medium. ____ 
Medium to 
high. 


Medium to 
high. 


Medium to 
high. 
Low to 


medium. 


Low to 
medium. 


Low to 
medium. 


Very low___- 


Medium_.___. 


Medium_._—- 


Potential productivity ratings for woodland types 


Mixed 
hardwoods 
Medium to Medium to 
very high. high. 


Medium to 
high. 


Medium__..- 


Very low- -_- 


Very low___- 


Low to 
medium. 


High to very 
high. 


Medium to 
high. 


Low to medi- 
um, 


Very low. _.-- 


Very low__- 


Very low to 
low. 


Very low to 
low. 


Low to 
medium. 


'The soils are grouped into woodland suitability groups on a statewide basis; some groups are not represented in this county. 


* Where soils are subject to flooding. 
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priority, and ratings for major limitations and hazards affecting management 


trees are not suited or data are not available] 


Species priority— 


Seedling Plant 
For planting mortality competition 


White pine, red | 


To favor in existing 
stands 


Red oak, sugar maple, 
white oak, bass- 
wood, white ash, 
black cherry, black 
walnut 

Sugar maple, red oak, 
basswood, black 
cherry, black wal- 
nut. 

White pine, red oak, 
white oak, sugar 
maple. 


White pine, red oak, 
white oak, aspen, 
beech. 


Aspen, soft maple, 
white pine, white . 
birch, pin oak. 


White ash, red maple, 
swamp white oak, 
cottonwood, aspen. 


White pine, red pine, 
white oak, black 
oak. 


White ash, red maple, 
basswood, syca- 
more, elm. ? 


Soft maple, white ash, 
basswood, elm. 


Soft maple, white ash, 
pin oak, white 
birch. 

Soft maple, elm, white 
cedar, willow. 


White ash, soft maple, 
basswood, elm. 


White oak, red oak, 
basswood, red 
maple, white ash, 
cottonwood. 


pine, white 
spruce. 


White spruce, 
Norway 
spruce, white 
pine. 

White pine, red 
pine, white 
spruce. 


Red pine, white 
pine, jack 
pine. 


White pine, 
white spruce, 
Norway 
spruce. 


White spruce, 
white pine, 
Norway 
spruce. 


Red pine, white 
pine, jack 
pine. 


Cottonwood 2, 
sycamore. 


White spruce, 
Norway 
spruce, white 
pine. 


None suitable__ 


In windbreaks 
only—Aus- 
trian pine, 
white pine, 
Scotch pine, 
willows. 

Red pine, 
white pine, 
white spruce. 

None suited__- 


White spruce, 
white pine, 
white cedar. 


Slight to 
moderate. 


Moderate____ 


Moderate to 
severe. 


Moderate-__~ 


Moderate to 
severe. 


Severe___.__ 


Severe______ 


Severe______ 


Moderate..-- 


Severe___-__ 


Moderate to 
severe. 


49 


Limitations and hazards affecting management 


Insect: and Equipment Erosion 
disease limitations hazard 
hazards 

Moderate..__ | Slight___-__-- Slight________- Slight__.--_-_- 

Moderate to j Slight-_._--~- Moderate to Moderate to 

severe. severe; severe severe; severe 
on steeper on steeper 
slopes. slopes. 

Slight. ._.__ Slight______- Slight to severe; | Slight to severe; 
limitations hazard in- 
increase with creases with 
slope. slope. 

Slight_.____- Slight.._-.-- Slight to severe; | Slight to severe; 
limitations hazard in- 
inerease with creases with 

; slope. — slope. 

Moderate___. | Moderate___. | Moderate____-- Slight to 

. modcrate. 

Moderate to | Moderate_...| Slight to Slight._._.---- 

severe. moderate. 

Slight______- Moderate.._. | Moderate to Moderate to 
severe. severe. 

Moderate to | Moderate._._| Severe.-.----- Slight ___-___- 

severe. 

Moderate to | Moderate__..| Severe. ___--_- Slight_.____-_- 

severe. 

Moderate.... | Moderate.... | Moderate to Slight... _-_--- 
severe. 

Severe___-_- Moderate___. | Severe_------- Slight_____--_-- 

Moderate to | Slight to Slight__------- Moderate-__--_-- 

severe. moderate. 

Severe_____- Moderate___. | Severe__-—--~-- Slight____----- 

Moderate to | Modcrate.... | Moderate__-____ Slight______--- 

severc. 


Wind- 
throw 
hazard 


Slight. 


Slight. 


Slight. 


Slight. 


Moderate. 


Modcrate, 


Slight. 


Moderate. 


Moderate 
to 
severe. 


Moderate 
to 
severe. 

Severe. 


Slight. 


Moderate 
to 
severe. 


Moderate. 


| 


3 After these areas are stabilized, they have ratings and limitations similar to group H. 
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Evosion hazard—aA sot] is well protected from erosion 
if it is under a dense stand of trees, undergrowth, shrubs, 
and other plants and a fairly thick cover of litter. Ero- 
sion is likely, however, if this cover is removed through 
fire, harvesting of trees, or poor management. Erosion 1s 
also likely unless care is taken in constructing and main- 
taining roads, skid trails, and loading areas. 

In table 3 shght indicates that damage from erosion is 
not likely if ordinary methods of clear cutting are used. 
Moderate means that in clear-cut areas some protective 
cover must be maintained and that care must be taken to 
prevent gullies from forming in skid trails. A rating of 
severe means that gullies form readily and cut rapidly 
and deeply into the soil, that wind causes blowouts in areas 
without a protective cover, and that clear cutting can be 
clone only where the areas have a dense ground cover. Also, 
roads aid trails wash out frequently, unless they are 
properly laid out, ave stabilized with compacted soil ma- 
terial, or are maintained in other ways. 

Windthrow hazard—The hazard of windthrow de- 
pends on the development. of roots and the ability of the 
soil to anchor trees firmly against the force of the wind. 
A. vating of s/ighét means that the trees are well anchored 
and windthrow is not common, dJ/oderate means that in 
protected areas the trees remain standing during wind- 
storms of medium intensity, that scattered trees blow over 
in unprotected areas, and that protective measures must 
be taken, especially in harvesting and release cutting. The 
rating severe indicates that a high water table or a hardpan 
or some other restrictive layer limits the depth of rooting 
so that stability is not adequate. 


Use of the Soils for Wildlife ‘ 


If management of wildlife is to be successful, food, 
cover, and water must be available in a suitable combina- 
tion, for an imbalance of these or a Jack of any one may 
account for the absence of desired kinds of wildlife. Most 
managed wildlife habitats are created, improved, or main- 
tained by planting suitable vegetation, by manipulating 
the existing vegetation so that the desired plants are en- 
couraged, or by a combination of such measures, The in- 
fluence of a soil on the growth of plants can be inferred 
from knowledge about the properties of the soil. The prop- 
erties of a particular soil indicate whether that soil is suit- 
able for establishing and maintaining various combina- 
tions of plants. By evaluating the combinations of plants 
that can be produced on a soil, a manager of wildlife 
habitat can estimate the suitability of that soil for differ- 
ent kinds of wildlife. 

In table 4 groups of soils of the county are rated accord- 
ing to their suitability for elements of wildlife habitat 
and according to their suitability as habitat for openland, 
woodland, and wetland wildlife. These groups of soils are 
called wildlife suitability groups and are described later 
in this subsection, Explanations are needed for the ele- 
ments of wildlife habitats, for openland, wetland, and 
woodland wildlife, and for the ratings used in table 4. 

The following gives examples of plants in the plant. 
categories in table 4 and tells something about the prop- 
erties of soils suitable for water developments. 


*Merte Raper, Michigan Department of Conservation, helped 
prepare this subsection. 


Grain and seed crops: Valuable as food for wild- 
life are corn, buckwheat, rye, soybeans, oats, barley, 
and other grain grown for grain and seed. 

Grasses and legumes: Alfalfa, alsike clover, ladino 
clover, bromegrass, beachgrass, orchardgrass, and 
timothy are planted grasses and legumes valued as 
wildlife food and cover. 

Wild herbaceous upland plants: Among these plants 
that wildlife use for food and cover are little blue- 
stem, Canada bluestem, and other native grasses 
and native herbs. 

Hardwood forest plants: This group includes trees 
and shrubs typical of northern hardwood forest. 
Among the native shrubs are staghorn sumac, fire 
cherry, greenbrier, wintergreen, and blueberry. 
Common hardwoods are aspen and birch; white and 
black oaks; beech, maple, red oak, hickory, and 
other upland hardwoods; and elm, ash, red maple, 
cottonwood, and other swamp hardwoods. These 
trees and shrubs generally seed or sprout naturally, 
and if openings are made for wildlife, they respond 
favorably. Areas of hardwood forest plants’ pro- 
vide food, cover for nesting, and protection in 
winter. 

Conifer forests and plantations: Plants include 
cone-bearing shrubs and white, red, Scotch, and 
jack pines, Norway and black spruce, and other 
conifers. They are established by natural seeding or 
by planting. Although these trees and shrubs pro- 
vide some food, they are used mostly as nesting 
areas and winter cover. 

Wetland food and cover plants: These are wild 
herbaceous plants that grow in moist to wet sites. 
Examples are cattails, sedges, and water weeds. 

Shallow impoundments: These are floodings, gen- 
erally less than 6 feet. deep. They provide nes 
loafing, and breeding areas for wetland wildlife 
(fig. 8). 

Excavated ponds: These are ditches, ponds, or pot- 
holes developed by dredging or blasting. They re- 
quire a permanently high water table and provide 
feeding, loafing, and breeding areas for wetland 
wildlife. 


The following defines and gives examples of wildlife 
in the three classes of wildlife for which the suitability of 
groups of soils is rated in table 4. 


Openland wildlife: Birds and mammals that nor- 
ally frequent croplands, pastures, meadows, 
lawns, and areas supporting herbaceous and 
shrubby plants. Examples are quail, pheasants, 
cottontail rabbits, meadow larks, field sparrows, red 
foxes, and woodchucks. 

Woodland wildlife: Birds and mammals that. nor- 
mally frequent wooded areas of hardwood or conif- 
erous trees and shrubs. Among these are ruffed 
grouse, woodcock, thrushes, vireos, scarlet tanagers, 
gray, red and fox squirrels, white-tailed deer, and 
raccoons. 

Wetland wildlife: Birds and mammals that nor- 
mally frequent ponds, marshes, swamps, and other 
wet areas, They include ducks, geese, herons, shore- 
birds, rails, mink, and muskrat. 


MUSKEGON COUNTY, MICHIGAN 51 


TaBLE 4.—Suitability of soils for elements of wildlife habitat and kinds of wildlife 


[A rating of 1 means well suited; 2 means moderately well suited; 3 means poorly suited; 4 means very poorly suited] 


Wildlife habitat elements Wildlife 
Wild- 
life | Grain Wild Hardwood forest plants Conifer | Wetland 
suita-| and | Grasses} herba- forests food Shallow | Exea- | Open- | Wood- | Wet- 
bility | seed and ccous Aspen- | Oaks | Up- | Swamp and and impound-| vated land land land 
group | crops|legumes| upland birch land planta- cover ments ponds 
plants tions plants 
1 3 3 3 3 4 4 3 2 3 4 3 3 2 3 
2 4 4 3 3 3 3 3 2 4 4 3 3 2 3 
3 2 2 2 2, 3 2 2 3 2 2 2 2 2 2 
4 4 3 4 3 4 14 4 3 4 4 4 4 13 4 
5 23 23 23 23 24 4 22 3 3 4 1 3 22 1 
6 3 2 3 3 4 4 1 2 1 2 ] 2 1 1 
7 3 3 3 3 2 3 4 1 4 3 4 3 1 3 
8 4 4 3 4 3 4 4 Z 4 4 4 3 2 4 
9 1 1 1 2 1 1 4 2 4 L 4 1 1 1 
' Deer Park’ soils are rated 1 because of favorable climate along 2 Areas on Marsh are not suited to these elements. 


Lake Michigan. 


MAW hc, \V7 Ne 


Figure 8.—Mallard duck at home in a newly constructed pond on Sims loam. This pond was built for wildlife, recreation, and irrigation. 
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In table 4 groups of soils have been rated according to 
their suitability for the eight elements of wildlife habitat 
and according to their suitability for openland, woodland, 
and wetland wildlife. The ratings are based on a system 
described by Allen, Garland, and Dugan (1). A rating 
of well suéted means the elements of the wildlife habitat 
occur naturally on the soils in the group or can easily be 
established and maintained. A rating of moderately well 
suited indicates that drainage, fertility, or some other 
natural factor limits suitability. or that the habitat is difft- 
cult to establish and maintain. The soils are poorly suited 
if the elements of the habitat rarely occur naturally in 
quantity or quality or are expensive to establish and main- 
tain, The soils are rated very poorly suited if the elements 
of the habitat do not occur naturally or are impractical to 
establish and maintain at a level necessary for sustained 
production of most wildlife. 

Not considered in the ratings in table 4 are present. use 
of the land, existing vegetation, or the ability of wildlife 
to move from place to place. Although these factors are 
important to managers of wildlife, they are subject to 
change and are not practical to determine. Also, the soils 
are rated without considering their position in relation to 
adjoining soils. 


Wildlife suitability groups 


The soils in the county have been placed in nine wildlife 
suitability groups according to similarities in character- 
isties that determine suitability as habitat for wildlife. 
These are the groups of soils that are rated in table 4 
according to their suitability for elements of wildlife 
habitat and for openland, woodland, and wetland wild- 
life. The soil series represented in each of these groups 
are named, but, this does not mean that all the soils in the 
series are in the group. To determine the soils in each wild- 
life suitability group, refer to the “Guide to Mapping 
Units” at the back of this survey. 


WILDLIFE SUITABILITY GROUP 1 

This group consists of moderately well drained to poorly 
drained, deep, sandy soils that are nearly level to gently 
sloping and have a seasonally high water table. These soils 
are in the Au Gres, Saugatuck, Croswell, Ogemaw, and 
Roscommon series. They are medium acid to strongly acid 
in the surface layer and subsoil. They have low available 
moisture capacity, are droughty during long dry periods, 
and are naturally low in fertility. The Roscommon soils 
have a slightly higher water table and are wetter than the 
other soils in this group. The Saugatuck and Ogemaw 
soils have a hard, cemented subsoil. 

On the soils of this group, the natural cover of herba- 
ceous plants is sparse and the variety of plants is small. 
Among the woody plants are quacking aspen and willow. 
Openings in the wooded areas can be seeded to alsike and 
Ladino clovers, if they are seeded in summer and if lime 
and fertilizer are applied. The life of these plants, how- 
ever, is generally short. The soils in this group are gen- 
erally poorly suited to grain and seed crops and to grasses 
and legumes. White pine, Norway spruce, black spruce, 
and other conifers can be planted to provide winter cover 
and nesting places for wildlife. Areas of Roscommon sand 
are well suited as sites for dug ponds and for potholes 
becanse these soils have a high water table. 


WILDLIFE SUITABILITY GROUP 2 


Only Wind eroded land, sloping, is in this group. This 
land is moderately well drained to poorly drained, deep, 
and sandy, and it has been severely eroded by wind. The 
water table is seasonally high, but this land is droughty 
during long dry periods. It is medium acid to strongly acid 
and has low available moisture capacity and fertility. 

In openings of any kind, this Jand is susceptible to ero- 
sion unless a cover of trees is established and maintained. 
It, may be necessary to stabilize severely eroded areas 
before trees are planted. Brush mulch and beachgrass help 
to stabilize the openings and also benefit wildlife. White, 
red, Scotch, and jack pines are adapted, and they provide 
cover and places for wildlife to roost. and nest. 


WILDLIFE SUITABILITY GROUP 3 


This group consists of somewhat poorly drained nearly 
level to gently sloping soils that are moderately coarse 
textured to moderately fine textured to a depth of 18 to 
42 inches. Below that depth the soils are moderately fine 
textured to fine textured. These soils are in the Allendale, 
Belding, Kawkawlin, and Selkirk series. They have a sea- 
sonally high water table and are seepy in some spots. 
Available moisture capacity and fertility range from mod- 
erately low to high. Reaction is medium acid to neutral. 
These soils support natural cover of herbaceous plants 
favorable for wildlife. Also, it is easy to establish food 
plots of rye, buckwheat, corn, and other seed and grain 
crops. In some areas, artificial drainage is beneficial. Nest- 
ing places are excellent in meadows of Ladino clover, alsike 
clover, timothy, bromegrass, and orchardgrass, but: man- ° 
agement is needed to prevent, invasion by brush and then 
by mixed hardwoods. The gentle relief provides many sites 
favorable for constructing shallow impoundments. Ditches 
are easily dug in the shallow depressions, and potholes 
occur in the smal! wet areas. These ditches and potholes are 
used by wetland wildlife. 


WILDLIFE SUITABILITY GROUP 4 


This group consists of well-drained, nearly level to 
very steep sands, some uneroded, and some very severely 
eroded by wind. In the group are Deer Park soils and 
Blown-out land, Dune land, and Lake beaches. These map- 
ping units have very low fertility and available moisture 
capacity. Reaction ranges from strongly acid to slightly 
acid, but Lake beaches are calcareous and do not support. 
vegetation. 

Because the soils in open areas are subject to severe 
soil blowing, a cover of trees should be established and 
maintained on the soils of this group. In many places, 
the steep slopes and the loose sands hinder the use of 
machines for planting. Blown-out land normally is sta- 
bilized by using brush mulch and beachgrass, and then 
the land is planted to conifers. Many areas of Blown-out 
land have been stabilized and now support plantations of 
red, jack, and Scotch pines. These trees provide protection 
in winter and nesting and roosting places at other times. 
Areas of Deer Park soils near Lake Michigan support. 
dense stands of beech and maple and of hemlock and as- 
sociated shrubs. In. these areas squirrels and raccoons are 
common and sometimes are a nuisance to property owners. 


WILDLIFE SUITABILITY GROUP 5 


This group consists of poorly drained to very poorly 
drained sandy soils and of shallow or deep organic soils. 
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In the group are Marsh and Warners, Deford, Tonkey, 
Tawas, Carlisle, Granby, Kerston, and Houghton soils. A 
high water table saturates these soils unless they are artifi- 
cially drained. Available water capacity is higher in the 
Houghton, Kerston, Tawas, Carlisle, and Tonkey soils 
than in the Deford and Granby. The Tonkey soils are 
medium in natural fertility, but fertility is low in all 
other soils in this group. Reaction ranges from medium 
acid to neutral. 

Because these soils have a high water table, they can be 
developed for use by wetland wildlife. It is possible to 
blast in these soils and create shallow potholes and ditches 
that can be used by wildlife. Larger areas for water can be 
dug with draglines. Wetland wildlife:is naturally well 
suited to Marsh because it is covered with free water 
during most of the year and supports aquatic plants. 
Because the Tonkey soils are slightly higher in natural 
fertility than the other soils in this unit, they are more 
suitable for the production of grain and seed crops, 
adapted grasses and legumes, and food and cover suitable 
for wetland wildlife. 


WILDLIFE SUITABILITY GROUP 6 


This group consists of poorly drained or very poorly 
drained soils of the bottom lands, which are moderately 
coarse textured to moderately fine textured; and of mod- 
erately fine textured to fine textured soils, which are on 
uplands. These soils are in the Hettinger, Pickford, Sara- 
nac, Sims, and Sloan series, They supply much moisture 
and large amounts of nutrients to plants. The water table 
is high, and internal drainage is slow. Reaction ranges 
from slightly acid to moderately alkaline. Slopes are less 
than 6 percent. 

These soils generally can be developed into habitat: suit- 
able for many kinds of wildlife. Because drainage is poor, 
however, grain and seed crops grown for wildlife food are 
somewhat. difficult to establish, though buckwheat, soy- 
beans, and rye are generally suited. The Hettinger, Pick- 
ford, and Sims soils occur on uplands and are poorly 
drained, but in many areas they are artificially drained. 
In these areas, a number of grain and seed crops can be 
grown. Although the Saranac and Sloan soils are difficult. 
to drain. because they are subject. to periodic flooding, mi- 
grating waterfowl are attracted to the corn that has been 
planted in some areas. In some open areas lowland her- 
baceous and woody plants are common, but these areas 
require constant cutting and spraying of undesired plants. 


WILDLIFE SUITABILITY GROUP 7 


This group consists of well drained or moderately well 
drained, acid, sandy soils that have very rapid to moder- 
ately rapid internal drainage. These soils are in the Rubi- 
con, Montcalm, Chelsea, Rousseau, and Mancelona series. 
They are well aerated, have moderately low to low avail- 
vble moisture capacity, and low fertility. They range from 
nearly level to very steep and are easily eroded by wind 
and water. 

The soils in this group are well suited to planted coni- 
fers; though planting by hand may be necessary where 
slopes are more than 12 percent. Although erosion is likely, 
it can be retarded by planting trees on the natural con- 
tour. Openings for use by wildlife can be left when trees 
are planted. On the more gentle slopes, buckwheat, rye, or 
other grain. and seed crops can be established and main- 


tained. Seedings of grasses, legumes, and other food plants 
for wildlife can be established if management is good and 
provides use ‘of lime and fertilizer. Growth, however, is 
limited by lack of moisture during the growing season. 


WILDLIFE SUITABILITY GROUP 8 
This group consists of well-drained very sandy soils 
that have rapid internal drainage. These soils are in the 
Grayling, Rubicon, Kalkaska, Wallace, and Sparta series. 
They have low to very low fertility and available moisture 
capacity and are acid throughout the profile. These soils 
are nearly Jevel to very steep and are easily eroded by wind 
and water. ; 
The soils in this group are well suited to planted coni- 
fers and adapted shrubs, though planting by machines is 
difficult. where slopes are more than 12 percent, Planting 
by machines on the natural contour helps to retard ero- 
sion. Adequate opening for wildlife food plants should 
be maintained. A mixture of fast- and slow-growing 
plants lasts a long time. In open areas, the Sparta soils 
support a better stand of grasses and weeds than do the 
other soils in this group. 


WILDLIFE SUITABILITY GROUP 9 

This group consists of nearly level to rolling, moderate- 
ly coarse textured to fine textured soils that are mainly 
well drained or moderately well drained. These soils are 
in the Kent, Menominee, Nester, and Ubly series. They 
have moderate to high available moisture capacity and 
natural fertility, are generally acid, and are underlain by 
limy material. Aeration ranges from good to fair. 

In this group are some of the better soils for farming 
in the county, and on these soils are the largest numbers of 
birds and animals. Also, habitat suitable for all three types 
of wildlife can be developed on the soils of this group. 
Common practices that benefit wildlife are planting 
shrubs along field borders, planting grain and seed crops 
in odd areas, and leaving strips or corners of unmowed 
hay. Commonly growing in natural openings are dense 
stands of native grasses and legumes, but these openings 
are rapidly invaded by woody shrubs and then by mixed 
hardwoods. Habitat for wetland wildlife can be developed 
by. impounding runoff water. 


Engineering Uses of the Soils 


This subsection describes those properties of soils that 
are important to engineering. Soil properties are of special 
interest to engineers because they affect the construction 
and maintenance of roads, airports, pipelines, building 
foundations, facilities for storing water, structures for 
erosion control, and drainage systems. 

Engineers can use the information in this subsection to— 


1. Make studies of soil and land use that aid in se- 
lecting and developing sites for industries, busi- 
nesses, residences, and recreational facilities. 
Make estimates of engineering properties for use 
in planning agricultural drainage structures, 
dams and other structures for conserving soil and 
water; in locating suitable routes for underground 
conduits and cables; and in locating sites for 
sewage disposal fields. 


bo 
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3. Make preliminary evaluations of soil conditions 7. Determine suitability of soils for movement of 
that will aid in selecting locations for highways, vehicles and construction equipment. 
airports, pipelines, and sewage disposal fields and 8. Develop other preliminary estimates for construc- 
in planning detailed surveys of the soils at the tion purposes that are pertinent to the particular 
selected locations. area, 

4. Locate sources of sand, gravel, and other material It should be emphasized, however, these estimates may 
for use in construction. not eliminate the need for sampling and testing at the site 


5. Correlate pavement performance with the soil of specific engineering works involving heavy loads and 
mapping units and thus develop information that where the excavations are deeper than the depths of layers 
will be useful in designing and maintaining the here reported. Even in these situations, however, the soil 
pavements, ; ; map is useful for planning more detailed field investiga- 

6. Supplement imformation obtained from other tion and for suggesting the kinds of problems that may be 

published maps, reports, and aerial photographs expected. 

for the purpose of making maps and reports that Much of the information in this subsection is given 

van be used readily by engineers. in tables 5, 6, 7, and 8. Table 5 contains test. data for soils 


TaBLeE 5.—Engineering 


[Tests performed by the Bureau of Public Roads in accordance with standard 


Mechanical analysis ! 


Bureau of 
Public Percentage passing 
Soil name and location Parent material Roads | Depth Horizon sieve— 


report 
No. N 
(4.7 mm.) | (2.0 mm.) 
Belding sandy loam: Inches 
NEWNEY sec. 27, T. 9 N., R. 14 W. (Modal). | Glacial till. 8-39973 | 0-6 
$-39974 | 17-26 
5 §-39975 | 34-66 
700 feet south and 700 feet west of northeast | Glacial till. 8-39976 | 7-16 
corner of sec. 27, T. 12 N., R. 18 W. (Grad- S-39977 | 16-33 
ing to Tosco). 8-39978 | 40-66 
Kent silt loam: 
SWYSWYNWY sec. 13, T. 12 N., R. 15 W.| Stratified silty clay. S-39979 | 0-10 
(Modal). $-39980 | 17-29 
$-39981 | 29-66 
SEYNEYSWM4N Wk sec. 10, T.9 N., R. 14 W. | Glacial till. S8-39982 | 0-7 
(Coarser textured than modal profile). S-39983 | 14-26 
S-39984 | 26-66 
Rubicon sand: 
NWYNEYUNW sec. 22, T. 10 N., R. 15 W. Sandy glacial outwash. S8~39985 | 0-3 
(Modal). 
S~39986 | 10-19 
S-39987 | 28-66 
SEYSEYSWY sec. 28, T. 11 N., R. 15 W. Sandy glacial outwash. | 5S-39988 | 4-12 
(Grading to Grayling soils). 5 §-39989 | 12-20 
5 §-39990 | 24-66 
NEYNEMSEY sec. 2; T. 12.N., R. 18 W. Sandy glacial outwash. S-39991 | 10-15 
(Grading to Rousseau and Kalkaska soils). S8-39992 | 15-21 


8-39993 | 21-66 

Saugatuck sand: 
NEYWNWYNWYSW)4 sec. 21, T. 10 N., R. 14 | Glacial Jake sediments. S8-39994 | 0-11 

W. (Modal). $-29995 | 11-15 
§-39996 | 15-24 

S$-39997 | 45-66 


NEYNEYNWY see. 4, T. 10 N., R. 17 W. | Glacial lake sediments. S-39998 | 0-6 
(Grading to Au Gres soils). S8-39999 | 6-14 
S-40000 | 20-27 

8-40001 | 27-66 


1 Mechanical analyses according to the AASHO Designation T 88-57(2). Results by this procedure frequently may differ somewhat 
from results that would have been obtained by the soil survey procedure of the Soil Conservation Service (SCS). In the AASHO procedure, 
the fine material is analyzed by the hydrometer method and the various grain-size fractions are calculated on the basis of all the material, 
including that coarser than 2 millimeters in diameter. In the SCS soil survey procedure, the fine material is analyzed by the pipette method 
and the material coarser than 2 millimeters is excluded from calculations of grain-size fractions. The mechanical analyses used in this table 
are not suitable for use in naming textural classes for soil. 


MUSKEGON COUNTY, MICHIGAN 55 


of four series in the county. In table 6 properties of the 
soils that are important to engineering are estimated. In 
tables 7 and 8 are interpretations of engineering properties 
of soils and soil features that affect specified engineering 
uses. From the data in these tables and the soil maps, the 
engineer can make a preliminary evaluation of the suita- 
bility of the soils for a specific use in any part of the 
county. 

In addition to this subsection, other sections of the sur- 
vey, including “General Soil Map,” “Descriptions of the 
Soils,” and “Use of Soils in Community Developments,” 
contain information useful for engineering. Some of the 
terms used by the soil scientists may be unfamiliar to en- 
gineers and some words, for example, soil, clay, silt, and 
sand may have special meanings in soil science. These and 


test data 


other special terms that are used are defined in the Glos- 
sary at the back of this survey. 


Engineering classification systems 


Two systems for classifying soils are in general use 
among engineers. Many highway engineers classify soil 
materials according to the system approved by the Ameri- 
can Association of State Highway Officials (AASHO) 
(2). Others prefer to use the Unified system, which was 
adopted by the Corps of Engineers, U.S. Army (77). Both 
systems differ from the system of classification used by 
soil scientists of the United States Department of Agricul- 
ture (USDA). In the USDA system, classification is based 
on the percentages of sand, silt, and clay in the soil. The 
engineering systems are explained in the following para- 


procedures of the American Association of State Highway Officials (AASHO) (2)] 


Mechanical analysis '—Continued | Classification 
Percentage passing Percentage smaller than— Liquid | Plasticity 
sieve—Continued limit index 
AASHO ? Unified 3 
No. 40 No. 200 0.05 mm. | 0.02 mm. | 0.005 mm.| 0.002 mm. 
(0.074 mm.) | 
29 24 14 8 |*+NP 4‘NP A-2-4(0)_---.-.------.---- SM. 
42 33 21 13 15 3 As4(2)o 2 cet ote le doe SM. 
53 41 27 19 22 10 A-4 (6) ccecctaceesde yok Sue CL. 
21 17 11 8 | NP NP A-2-4(0)_.---------------- SM. 
16 13 8 6 | NP NP A~2-4(0).-------.--------- SM. 
66 57 42 33 | 33 18 A=6(10) 22 neneeee eee eee CL. 
83 60 38 27 | 34 13 A-6(9)___----------------- CL. 
pee ae ees 99 92 73 58 | 68 42 A-7-6(20).----------------| CH. 
See 99 99 93 76 56 | 54 30 A~-7-6(19)_-_--------------| CH. 
98 72 68 59 41 31 | 27 9 APA) cus nase coe sete seee Ch. 
100 90 87 75 58 46 56 31 A-7-6(19)_.-.------------- CH. 
99 91 88 74 53 39 43 22 A-7-6(13)__-.------------- CL. 
80 12 12 10 6 4 NP NP A-2-4(0)___..22--.2- 2 ee SP-SM. 
82 8 8 6 5 4 | NP NP AGS (Oat etre tA Se ad SP-SM. 
68 2 2 1 1 1 | NP NP A=3(O0) 322 ot. ecient de SP. 
64 5 5 4 4 3 | NP NP AR3 (0) noe eeeevetece esses, SP-SM. 
64 4 4 4 4 3 | NP NP A=3(0) io. cede toee ede ess SP. 
63 1 1 1 1 1 | NP NP AP3(O) minds eee ete ee SP. 
84 17 15 6 4 2 NP NP A-2-4(0)___--------------- SM. 
85 7 7 6 4 3 | NP NP Ax3 (0) noc oc beecc eee okt eo SP-SM. 
86 2 2 0 0 o | NP NP ASO (O)ieccthocsetwetin de Get SP. 
94 9 ‘8 6 3 2) NP NP A-3(0)__.___---.---------- SP-SM. 
92 8 7 6 3 2 | NP NP A-8(0)_..----.------------ SP-SM. 
96 12 10 5 2 1 | NP NP A-2-4(0)_..-_.------------- SP-SM. 
96 6 4 1 1 1 | NP NP A-3(0) 228 ecnes te beceeeete SP-SM. 
90 10 9 7 3 2) NP NP A-3(0)__._-.-------------- SP-SM. 
91 5 4 3 2 1 NP NP A=3 O)izcuseciocecece be Sous SP-SM. 
90 3 3 2 2- 2} NP NP Aq3(Q)o locos oee sete sone e SP. 
90 2 2 2 2 1 | NP NP A=3(O).c2ceece he esU ee ees SP. 
| 


2 Based on AASHO Designation M 145-49 (2). 


_ * Based on the Unified Soil Classification System (11). The Soil Conservation Service and Bureau of Public Roads have agroed that all 
soils having plasticity indexes within two points from A-line are to be given a borderline classification. An example of borderline classifica- 


tion thus obtained is SP-SM. 
4 NP=nonplastic. 


5 All of the material in samples Nos. S-39975, S-39988, S-39989, and S-39990 passed a 44-inch sieve. 
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SOIL SURVEY 


Soil name ! 


Allendale. 2 022.222 oes sdeesentpesee sess 
(Mapped only with the Belding series.) 


‘Atl Gres“(AsB)n5-oo3 seco oes oe eee sees 
(For properties of the Saugatuck soil in 
this mapping unit, refer to the Sauga- 

tuck series.) 


Belding (BaB, BbB) 

(For properties of the Allendale soil in map- 

ping unit BaB and the Ubly soil in map- 

ping unit BbB, refer to their respective 
series.) 


Carlislezceoses22 2h Sob o2t Base oie ed Sek 
(Mapped only with the Tawas series.) 


Chelsea (CmB, CmC, CnD, CnE).-_----------- 
(For properties of .the Mancelona soils in 
mapping units CmB and CmC and of 
Montcalm soils in mapping units CnD 

and Cn E, refer to their respective scries.) 


Croswell (CrB) 

(For properties of Au Gres soil in this map- 
ping unit, refer to the Au Gres series.) 

Deer Park (DpE) 


Deford (Ds) 


Dune land (Du) 
Granby (Ga) 


Grayling (GrC, GrD, Gr) 

(For properties of the Rubicon soils in these 

mapping units, refer to the Rubicon 
series.) 


Hettinger (Hp) 

(For properties of the Pickford soil in this 

mapping unit, refer to the Pickford 
series.) 


Houghton (Ht) 


Kalkaska (KaB) 

(For properties of the Wallace soil in this 

mapping unit, refer to the Wallace 
series.) 


Kawkawlin (KkA, KkB, KsA, KsB) 

(For properties of the Selkirk soils in 

mapping units KsA and KsB, refer to the 
Selkirk series.) 


See footnotes at end of table. 


Depth to water table 


TABLE 6.—Estimated 


> 


3 to 10 feet or more. 


Less than 3 feet during 
wet periods. 


3 to 10 feet or more. 


Water table at or near 
the surface during 
part of the year. 


More than 10 feet. 


Less than 5 feet during 
wet periods. 


More than 10 feet. 
1 to 5 feet. 


More than 10 feet. 


Water table at or near 
the surface during wet 
wet periods. 


More than 10 feet. 


Near the surface during 
wet periods. 


0 to 3 feet. 
5 to 20 feet. 


3 to 8 feet. 


Depth Classification 
from 

surface USDA texture Unified 
Inches 

0 to 10._} Loamy sand___-__.--------- 

10 to 40_| Sand, loamy sand, or both. -- 

40 to 66_ | Silty clay or clay__.-------- 

0 to 5.._| Sand... --.-----------4---- 

5:to:66..)'9 Sandi .u.s esheets cee 

0 to 26__) Sandy loam, fine sandy loam, 
loamy fine sand. 

26 to 60_| Loam, sandy clay loam, clay 
loam, silty clay loam. 

0 to 42__| Muck and peat___--..--.--- 

0 to 9.._{| Loamy sand_--_.--:------- 

9 to 40_.}| Sand_.....---.------------ 

40 to 66_| Sand with loamy sand in \% 
to 2 inch bands at inter- 
vals of 6 to 12 inches. 

0:t6-8222 ||, Satidss oe etet seemless 

8 to 24._ | Sand_.____-.------------- 

24 to 66. | Sand____----------------- 

0 t0.66-.'| Sand 2..-.speseseceeese nse 

0 to 5___ | Fine sand or loamy gand__ 

5 to 20_.] Fine sand to loamy fine sand- 

20 to 42. | Very fine sand to loamy fine 
sand. 

0 to 66__| Sand.___-..-.------.-.---- 

0 to 20._| Loamy sand_---_---------- 

20 to 380. | Sand____--.----_----------- 

30 to 38. } Sand with thin layers of 
loamy fine sand or fine 
sandy loam in places. 

38 to 66. | Sand____------.------------ 

0 to 66__| Sand__._------------------ 

Oto 7...) Loam -cs-s2--252-s- se. -be 

7 to 18__| Clay loam or silty clay loam - 

18 to 21_| Stratified very fine sand to 
silt loam. 

21 to 66. | Stratified silty clay loam, clay 
loam, very fine sandy loam, 
and silt. 

0 to 42..]| Muck and peat-..-----.---- 

0 to 10_.| Sand__._-----.------------ 

10 to 21_ | Sand, very weakly cemented 
in places. 

21 to 66. | Sand_.__-----_-_-.--------- 

0 to 11_.| Loam____---_-_--_---------- 

11 to 25. | Light to heavy clay loam.-_- 

25 to 36. | Clay loam or silty clay loam _ 

36 to 66_ | Clay loam__-.-.----------- 


SM or SP-SM_ 
SP-SM or SP-- 


SP with bands 
of SP-S M 
or 8M. 

SP or SM___.-- 


SP or SP-SM.-. 
SP or SP-5SM.-- 


SM, ML, or CL. 
CL or ML.-..-- 


SP or SP-SM_-- 
SP or SP-SM.-.- 
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properties of soils 
Classification—Cont. Percentage passing sieve— Available Shrink- 
Permeability water Reaction swell 
AASHO No. 4 No. 10 No. 200 capacity potential 
Inches per hour Inches Bee inch of pH ocalue 
80! 
AMD ewe cha 2 100_..-.---- 95 to 100____ | 15 to 35____- 5.0 to 10.0+ _._ |0.08._____.-- 5.5 to 6.5_----- Low 
A-2 or A-3_.______- 100______--. 95 to 100____ | 2 to 15_____- 5.0 to 10.0+-_. | .038___-__-_- 5.5 to 7.0__.__- Low 
Vea ees oe eed 95 to 100___. | 90 to 100___. | 80 to 100____ | 0.00 to 0.2_____ MG sere dae ins 7.5 to 8.4 7. High 
A-2 or A-3.._______- 100___----_- 95 to 100._-._ | 5 to 15_____- 10.0 or more___ | .04.__-_-_-- 4.5 to 6.0._.--. | Low 
Somalis ocw is. sae 100__._----- 95 to 100____ | 6 to 10_____- 10.0 or more___ | .02_________ 5.0 to 6.0____-- Low. 
A-2 or A-4____2 22 - 100_...-.--- 85 to 100___. | 30 to 50_____ 2.5 to 5.0____-- ph2 voce een 4.5 to 6.0....-- | Low. 
A-4 or A-6__________ 90 to 100____ | 85 to 95_____ 55 to 85_____ | 0.05 to 1.5.-__. Ph by ene eS eee 6.0 to 8.0 3____- Moderate. 
Poet Suse Se EMS Mase ne we eae Nos ee Se as SMA ad he el 5.0 to 10.0... | .50.-.__-.___ | 5.5 to 6.5______ | Variable. 
BeaSoe sets ee eee Na. 85 to 100____ | 80 to 100____ | 15 to 30_____ 5.0 to 10.0._.-_ | .06._------- 5.5 to 6.5_._---- Low 
a 95 to 100____ | 90 to 100___. | 0 to 5__-_____ 5.0 to 10.0_._-_ (O0SuS2esuece 5.5 to 6.5.__.-- | Low 
A-3 with bands of 85 to 100___. | 80 to 100_.__ | 0 to 5 with 5.0 to 10.0___-- MOA nee ou 5.5 to 7.0___..- | Low 
A-2 or A-3. bands hav- 
ing 5 to 15. 
A-2 or A-3.__-..____- 100 wo tees 95 to 100__._ | 2 to 15_.____ 27 10.022222 5225)| 204. oosccsd 5.5 to 6.5--_--- Low 
A-2 or A-3_________- 100__._-.---- 95 to 100___. | 2 to 12_.___- > 10.0___.----- (032 sesg02 J 5.0 to 6.0_-___- Low 
Sie neo Heo chee: 100.2222 22. 95 to 100____ | Oto 10______ >'10:022- 543522 0022-222 22G2 5.5 to 6.0._____. | Low 
A-2 or A-3_________- 10022. 202226: 95 to 100____ | 2 to 20_____. > 10.0__-..-..- (O2vesses2.2e2 5.0 to 6.5__.--- Low 
A-8 or A~2____-____- 100.2 oven 95 to 100____ | 2 to 20______ 5.0 to 10.0_.-.- slOzseeSae se 5.5 to 6.5____-- Low. 
A-3 or A-2__.-..2_- 100________- 95 to 100__-. | 2 to 30______ 5.0 to 10.0___-- O7csceseccce 5.5 to 7.0_____- Low. 
A-2 or A-4._.._-____- 100________- 95 to 100_... | 15 to 40_____ 5.0 to 10.0__-__ 0.222225. 7.0 to 8.0 3__.__ Low 
A-2 or A-3__.-_ 2 100_.______- 95 to 100__._ | 2 to 20______ 1010 ccc. s52.7| COZ 22223 5.0 to 6.5_____- Low 
Da ee ee 100_.______- 90 to 100____| 15 to 25_____ 2.5 to 10.0_____ 10222-2550 6.0 to 7.5... --- Low 
A-2 or A~3__..--____ 100_________ 90 to 100._-_. | 0 to 15______ 10 or more___-- (032 22225-5.25 5.5 to 7.0_____- Low 
Poise te ee ee 100_...22--- 90 to 100____| 5 to 35______ § to 10____-__- tent scse542 6.0 to 7.5..._._ | Low 
A-8 or A~2___-_______ 100222222253 90 to 100.... | Oto 15__-____ 10 or more____. 604522222 2d 6.0 to 7.5_____- Low 
APB s 22 85 Bono 26 100__._____. 95 to 100____ | 0 to 5-______ 10.0 or more___ | .02___..-___. 5.0 to 6.0______ Low 
A-4 or A-6.....---_- 100_.._..--- 95 to 100____ | 60 to 80_____ 0.8 to 2.0______ MB 222 32228 6.0 to 7.0._____ | Low. 
A-6 or A-7__--_-__ 2 __ 95 to 100____ | 95 to 100____ | 60 to 90_____ 0.05 to 0.8____- Wiscclecves 6.5 to 8.0.__.__ Moderate. 
A-2, A-4, or A-6___.| 95 to 100____ | 95 to 100.___ | 20 to 70_____ 1.5 to 5.0...._- M140 322 coe 6.5 to 8.03_____ Low. 
A-4, A~6_____ 95 to 100____ | 95 to 100.___ | 60 to 90___._ 0.05 to 0.8__.__ FL See 7.0 to 8.43____. Low to 
moderate. 
pot teSe es See eee | eek eee eA Reo te SIN te ee ee 2.0 to 5.0_____. ] .50.._______ | 5.0 to 7.0_.____ | Variable. 
7 Ss a eee eS 90 to 100____ } 90 to 100____ | 0 to 10______ 5.0 to 10.0.___- SUS .coneee ea 4.5 to 6.0..___- Low. 
| A=8 2 34 Sect eee 95 to 100____ | 95 to 100____| 0 to 10___-__ 5.0 to 10.0_____ L053 eee ae 4.5 to 6.0______ Low. 
A=32 Jone jose eee 100__--.___- 95 to 100..__] Oto 5--__--. 10.0 or more___} .02_____-___ 5.5 to 6.0..____ | Low. 
A-4 or A-6__.--_ = __ 95 to 100____ | 90 to 100____| 55 to 80____. 0.8 to 2.5....._] .20._-.-..--- 6.0 to 7.0_____- Low. 
S645 e220 2e 8 eet 95 to 100._._| 90 to 100____| 60 to 80_____ 0.2 to 0.8.__.._ WS ve eo oe 5.5 to 6.5_..___ | Moderate. 
A-6 or A-7_.-.__---. 95 to 100____| 90 to 100____| 55 to 90____- 0.5 to 0.8._____ 1G ase tae 6.0 to 7.5 3_. High to 
moderate. 
AqGoe soot 95 to 100____| 90 to 100____|} 55 to 80_____ 0.2 to 0.8.____- | ee oe 7.5 to 8.4 7% Moderate. 
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SOIL SURVEY 


TaBLE 6.—Estimated properties 


Soil name ! 


Depth to water table 


Depth 
from 
surface 


Kent (KtE) 


Kerston (Ku) 


Lake beaches (La) 


Mancelona_ _______-_----------------------- 
(Mapped only with the Chelsea series.) 


Marsh (Ma) 


Menominee (MeB, MeC) 
(For properties of the Ubly soils in these 
mapping units, refer to the Ubly series.) 


Montcalm (MhB) 
(For properties of Chelsea soil in this map- 
ping unit, refer to the Chelsea series.) 


Nester (NeB, NeC, NrC, NsD, NsD3, NsE, 
NsE3, NtB, NuB). 

(For properties of the Kawkawlin soil in 
mapping unit NtB and of the Ubly soil 
in mapping unit NuB, refer to their 
respective series.) 


Ogemaw (O0gB) 


Pickford: 22. eson cos. tates t tee see ota 
(Mapped only with the Hettinger series.) 


Roscommon (Ra) 
(For properties of the Au Gres soil in this 
mapping unit, refer to the Au Gres 
series.) 
Rousseau (RoB) 


Rubicon: 
Sand (RsB, RsD) 


substratum (RtB, RtC)...------------ 
or properties of the Montcalm soils in 
these mapping units, refer to the Mont- 
calm series.) 


See footnotes at end of table. 


a 


10 feet or more. 


Water table at or near 
the surface during 
part of the year. 


Variable—0 to 10 feet. 


More than 10 feet. 


Water table at the 
surface throughout the 
year in most areas. 


10 feet or more. 


5 to 20 feet or more. 


5 to 20 feet or morc. 


2 to 10 feet or more. 


Water table at or near 
the surface during 
wet periods. 


1 to 4 feet. 


5 to 20 feet or more. 


10 to 20 feet or more. 


5 to 20 feet or more. 


Inches 


0 to 10._ 
10 to 29_ 
29 to 66- 
0 to 16_- 
16 to 20_ 
20 to 42. 


0 to 60_- 


0 to 17_. 
17 to 26. 
26 to 60. 


0 to 66.- 


0 to 7_-_ 
7 to 33_. 
33 to 66. 


0 to 18._ 
18 to 26_ 


26 to 66. 


0 to 14_. 
14 to 36. 
36 to 66. 


0 to 9__- 
9 to 19__ 


19 to 23_ 
23 to 66- 


0 to 8._- 
8 to 21._ 
21 to 66. 


0 to 6. 
5 to 42... 
42 to 66_ 


0 to 26.. 
26 to 66. 


0 to 3__. 
3 to 28__ 
28 to 66. 


0 to 5__- 
5 to 55_. 
55 to 66. 


Classification 


USDA texture Unified ' 


Silt loam_..--.---.-------- Mibsc2ceges- see 

Silty clay or clay_..._-.-.-- CHeesbacgcesins 

Silty clay__..-.------------ GH oc Jee eee 

Alternating layers of organic | Pt_..-..------4 
material and sand. 

Alternating layers of organic | SP or SM------ 
material and sand. 

Alternating layers of organic | Variable-.------ 
material and sand. 

Sand ose ok i et te SP or SP-SM__-_ 

Loamy sand-_-.---_-------- S8M_____------- 

Sandy clay loam or clay loam. | SC or CL..-.---- 

Coarse sands, gravel, or both. | GP or SP_------ 

Pests. ot sects eee Ptte sce weesaes 

Loamy sand_-._----------- Mie eens 

Sand or loamy sand____----- SP or SM_-_---- 

Clay loam or silty clay loam_ | CL._---------- 

Loamy sand_.-__---------- BM 22 scct ese 

Sandy loam or sandy clay SM or SC___-_-- 
loam. 

Alternate layers of sand 2 SP or SP-SM___ 
to 10 inches thick and SMeee ieee ee 
loamy sand or sandy loam 
1 to 3 inches thick. 

Loam, sandy loam, or clay 8M or CL------ 
loam. 

Clay loam or silty clay CL or CH.----- 
loam. 

Clay loam or silty clay Clas i eeee keene 
loam. 

Loamy sand__-.-.--------- SMaeceseste vce 

Loamy sand or sand, SP or SM_----- 
cemented, 

Sand or loamy sand-_--_-_-.-- SP or SM__-.-- 

Silty clay, clay, clay loam, CH or CL------ 
or silty clay loam. 

Silty clay loam_----.------ OWpe 2320585. 

Silty clay or clay_-----__--- CH so Sec2e2e 

Silty clay or clay... ..-...--- CHa. sseeese we 

Sands. veoseu. ce oosceneeeec SP or SP-SM--- 

Band sec scce cc oset bees « SP or SP-5SM_-- 

Band sce eh See SLi we sees. Pree w sigan Spee 

Fine sand to loamy fine sand. | SM_-____-.---- 

SM or SP-SM_. 


Fine sand_______.__-__----- 


Sand tos ceteoce oe sees SP or SM._.-.-- 
Sandee ee SP or SP-SM_--_- 
Sanduicsssoccccceseceehns Pinte os oo tes 
DANG eee! Ne ness rete SP or SM_----- 
Sande. 2225.22 see Va ae SP or SM_----- 
Clay loam, silty clay loam, CL or CH_----- 


silty clay or clay. 
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of soils—Continued 


Classification—Cont. Percentage passing sieve— Available Shrink- 
Permeability water Reaction swell 
capacity potential 
Inches per hour Inches per inch of pH value 
aot 
Cueh eet eee eons 95 to 100____ | 90 to 100____ | 60 to 90.___- | 0.2 to 1.5..____]0.18___-_____ | 6.0 to 7.0__..__ | Moderate 
to high. 
Uowewiae ei oeueses 95 to 100.___ | 95 to 100____ | 80 to 100___-_ | 0.5 to 0.2______] .17_..-_____ | 5.5 to 7.0__..__ | High. 
NET pe Sek one Soete 95 to 100____ | 95 to 100____ | 80 to 100_._. | 0.05 to 0.2_____ AGsecci ee 7.5 to 8.4 ?_____ High. 
een ot ued ad ANNA We te hatte ae tee Me ne || a che RS Baars 2.0 to 5.0..--..] .50._....___ |] 5.0 to 7.0..__.. | Variable. 
A~3 or A-2_________- 100.42 2%5% nis 95 to 100____ | 0 to 25______ Variable. _...-- Variable. ____ 6.0 to 7.0_._.-- Low. 
Wiariablé@s to cck. scl l | ito et eae hte Meet pi ee NS tase ee Be | SAS tes Ae lll ete ole hea 
ASB oot wo Se aot te 95 to 100_..- | 90 to 100____ | 0 to 10_____- 10.0 or more___ | .02__-.-.-_- 5.5 to 6.5 or Low. 
7.5 to 8.4. 
A Qi) oS. cn ses 60 to 95____. 55 to 95_._-__ | 10 to 20____- 2.5 to 10.0.___- (085, boos 5.0 to 6.5-___.- Low. 
A-~4 or A-6_.--_-.--- 85 to 100____ | 80 to 95_____ 35 to 80_____ 0.2 to 0.8_._.-_- WG e225 .ee 5.5 to 6.5.-_-_- Moderate. 
AST 2e sock fete iae 40 to 60_____ 30 to 60.___. 0 to 6... L. 10.0 or more...) .02___....-- 7.0 to 8.43_____ Low. 
AS Ae Se ea ehcp acne A (nae aN ferent Stl eee epee Ne |S, tate a eA a cet tate 5+... --_. | 6.0 to 8.0.__... | Variable. 
Ae poet ot ese eke 95 to 100..._- | 95 to 100____ | 15 to 20.___. 5.0 to 10.0_.__- Ob225.6oe022 5.5 to 7.0_____- Low. 
A~3 or A-2_.-__.____ 95 to 100____- | 95 to 100____ | 0 to 15______ 5.0 to 10.0+_..| .08_..---._- 5.0 to 6.5.__.-- Low. 
AMO bec te tees 95 to 100..__ | 90 to 100____ | 60 to 90.____ 0.2 to 2.5.._._.] .16._.--_--- 7.0 to 8.42_____ High to 
moderate. 
ASD ott ee ero 90 to 100__-_ | 90 to 100____ | 15 to 25_____ 2.5 to 6.0_-_-.- MS cote eae 5.0 to 6.5....-. | Low. 
A-2, A-4, or A-6____. 95 to 100___. | 95 to 100___. | 20 to 50___.- 0.8 to 3.0._-._- oF eee 5.0 to 6.0___-_- Low to 
moderate. 
| ets eee 95 to 100__._ | 95 to 100___. | 0 to 10._____ 5.0 to 10.0__.-- .04__-...-_._ | 4.5 to 7.0... 2 ow 
AKO 230 eve tet a's 95 to 100__-- | 95 to 100__-- | 15 to 30_____ 2.5 to 5.0...__. 108 2 ae ee 5.5 to 7.05_____ Low 
A-4 or A-6__.. 28 “95 to 100__._ | 90 to 100____ | 35 to 80____- 0.04 to 2.5... -- w7,2.------- | 5.0 to 7.0____-- Low to 
moderate. 
A-6 or A-7___-.----- 100_-_. 222+. 95 to 100___. | 65 to 85..___ 0.02 to 0.8__--- AT... --- | 5.0 to 7.0___--- Moderate to 
high. 
ASG 28520 meee teed 100_-..--_-- 95 to 100.__. | 65 to 85_____ 0.05 to 0.8__--- on Ly Spee eres _ | 7.5 to 8.42 2 Moderate. 
2k ees eee 100_-..-_--- 95 to 100.__. | 15 to 35____. 5.0 to 10.0____- ORs. weccaureis, 5.0 to 7.0.____- Low 
A-3 or A-2___.--_-__- 1002222. S2282 95 to 100__-- | 2 to 15_-___- 0.2 to 2.5.-..-.] .04..-_.---.. | 4.5 to 5.6_...___ | Low 
A-3 or A-2_...---_-- 100_...----- 95 to 100___. | O to 15___... 5.0 to 10.0__._- O2_--...-.-. | 5.0 to 7.0..___. Low. 
A-7 or A-6___---__- TLO0z, 22 oud 2h 95 to 100_._- | 60 to 90__-__ 0.03 to 1.0__.-- Fi eee eee 7.5 to 8.42_____ Moderate 
to high. 
A-6 or A-4________.. 100__-__.-.- 95 to 100_-.- | 80 to 90_____ | 0.2 to 2.0___.._] .19_____.____ | 6.0 to 7.0.____- Moderate. 
AeTeeceeececsoscc., |1O0se oll 95 to 100._._ | 75 to 100____ | 0.05 to 0.2____. | L7..-------- | 6.0 to 7.50__-__ High. 
AST J ecc6 oo oes ct 100__-.2.--- 95 to 100___- | 75 to 100____ | 0.02 to 0.2_____ 16_._.-.--.-- | 7.5 to 8.47. _ High. 
ASSe en Sic Bete 1002 2.2 2Ssuu | 95 to 100__.. | 2 to 10...-.- >10.0.-.--.__- .0 to 6.0..._.- Low 
A-3 or A-2_.-._-._-._-. | 100__--.____- 95 to 100___. | Oto 10______ > 10.0.0 .5 to 6.0___.-- Low 
AS Ovo seca cae 100252032205 95 to 100...- | Oto 5_.---._ >10.0.-_-__.-- .0 to 7.0... - Low 
ARO Deol oe Roe e 100___-_ 2. 95 to 100_._. | 15 to 35__-__. 5.0 to 10.0... -- S078 3 ost 4.5 to 6.0....-- Low. 
A~2 or A-3.__.----_- 100._.-._--- 95 to 100__-. | 5 to 20._____ 5.0 to 10.0_____ 05..------- 5.0 to 7.0_.___- Low. 
A-3 or A-2_.._.-_22-. 95 to 100____ | 95 to 100____ | 5 to 15______ 5.0 to 10.0.__.- (05 32 Seek 4.5 to 6.0_.___- Low. 
AMS oe setae matte h, 95 to 100.__- | 90 to 100____ | 0 to 10______ 10.0 or more.__] .03________. 4.5 to 6.0_.___- Low. 
ArBee: 2 lot ase eke 95 to 100____ | 95 to 100.__. | O to 5______. 10.0 or more.__| .02__.-.._-_ 6.0 to 6.5__-___- Low 
A-3 or A-2.___-___ ee 95 to 100____ | 95 to 100____ | 2 to15_____. 5.0 to 10.0____- (05 van oi bses 5.0 to 6.5_-___- Low. 
A-3 or A-2_._._.___.-. -| 95 to 100__._ | 95 to 100_... | Oto 15_____. 10.0 or more.__| .02.._-._-.-- 5.0 to 7.0_..._.- Low. 
A-6 or A-7__..2----. 95 to 100____ | 95 to 100____ | 60 to 90_____ 0.00 to 1-0..... EO ecg CM 7.5 to 8.4 7. Moderate to 


high. 
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Soil name ! 


SOIL SURVEY 


Depth to water table 


Water table at or near 
the surface during 
wet periods. 


Saranac (Sa)___-_-._----------------------- 


Saugatuck.____._.___----------_------------ 1 to 6 feet. 
(Mapped only with the Au Gres series.) 

Belkipkst 25 so os els Hs tee Se oak ae 3 to 10 feet. 
(Mapped only with the Kawkawlin series.) 

Sime: (Sm) cl nat st eo es Serer en soes 1 to 4 feet. 

Sloan: (S0):.2ss-..2 2 see vote sees ee Soesaee se 0 to 4 feet. 


Sparta (Sp)_----------------- SEN ee hr 10 to 20 feet or more. 


Tawas: (Te) a22-2s3seene ecancsce ste eeees ces 0 to 4 feet. 
(For properties of the Carlisle soil in this 
mapping unit, refer to the Carlisle series.) 

Tonkey Cd) sc. -42 teenies oes Cet eS 1 to 4 feet. 


(For properties of the Deford soil in this 
mapping unit, refer to the Deford series.) 


Ublyoccscresseh sess 08 ser setcee eeehe = 5 to 20 feet or more. 
"(Mapped only in complexes with the Beld- 
ing, Menominee, and Nester series.) 
Wallace:.:2.2 22.2220 52 50 ee nSeesceeuee eee Within a depth of 6 


inches in some places 
during wet periods. 


Water table at or near 


(Mapped only with the Kalkaska series.) 


Warners (Wa) -_--~------------------------- 


periods. 


Wind eroded land, sloping (We)------------- 2 to 20 feet or more. 


the surface during wet 


Depth 


from 
surface 


Inches 
0 to 10_- 


10 to 36_ 
36 to 66_ 
0 to 11... 
11 to 34_ 
34 to 45_ 
45 to 66- 


0 to 10_. 
10 to 26. 


26 to 66~ 
0 to 9_-- 


9 to 32__ 
32 to 48_ 


0 to 21_. 
21 to 48_ 
0 to 14__ 
14 to 60. 
0 to 31__ 
31 to 48. 


0 to 10_. 
10 to 42_ 


0 to 25__ 
25 to 36- 


36 to 66_ 


0 to 12__ 
12 to 15_ 
15 to 40. 


0 to 8__- 


8 to 42__ 
0 to 66__ 


TABLE 6.—Estimated properties 


USDA texture Unified 
Loam and clay loam-.--_-_--.- ML or CL__---- 
Clay loam or silty clay loam_ | CL_______----- 
Variable__-.:_-.---------- SM, ML, or 
L. 
Sand, fine sand, or loamy SM or SP-SM__ 
sand. 
Sand or fine sand, SP or SM__-____ 
indurated. 
Sand or fine sand, weakly SP or SM. ----- 
cemented. 
Sand or fine sand_-._------- SP or SP-SM_-_-- 


Silt loam. _....-_----.----- 
Silty clay loam, silty clay, or 


clay. 
Silty clay or clay__--._----- 
Loans: 2ece e325 bles Sece3 


Clay loam or silty clay loam. 
Clay loam or silty clay loam . 


Stratified loam, sandy loam, 
and silt loam. 

Stratified silt loam to sandy 
loam. 


Muck, peat, or both.__--__-- 
Sand or loamy sand___-_- _-- 


Sandy loam.___-.-_--------- 

Loamy sand stratified with 
sandy loam. Some clay 
loam. 


Sandy loam or loamy fine 
sand. 

Sandy loam, sandy clay 
loam, or clay loam. Frag- 
ipans in places. 

Clay loam or silty clay loam_ 


Sands-2:c6u220 Sis se kos 


and SM 


SP or SP-SM_.__ 


! Blown-out land (BoB, BoE) is so variable that properties were not estimated. 


2 Calcareous. 
3 Calcareous in places 


of soils—Continued 


Classification—Cont. 


MUSKEGON COUNTY, MICHIGAN 


Percentage passing sieve— 


No. 200 
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Permeability 


Available 
water 
capacity 


Reaction 


Shrink- 
swell 
potential 


Inches per hour 


Inches per inch of 
soil 


pH value 


Gotweieeess 1 AWUen cons oc! 95 to 100__._. | 55 to 90_____ | 0.2 to 2.5_.____]0.21_________ | 6.0 to 8.0._____ | Low to 
moderate. 
Meech dB pet wells ani ea 100_......... | 95 to 100.___ | 55 to 90.____ | 0.05 to 0.8.___.| .17._._...__ | 6.5 to 8.03____ | Moderate. 
100.2 -n2sces 95 to 100___. | 20 to 90__._. 0.07 to 5.0____- .07 to .17____ | 7.0 to 8.43.____ | Variable. 
A-3 or A-2_____._--_. 100522222222 95 to 100____ | 5 to 25______ 10.0 or more___| .04._.___--- 4.5 to 5.5._____ Low. 
A-3 or A-2_... 2.2. 100__._...-- 95 to 100___. | 0 to 20______ 0.2 to 2.5...--. 0380524 se eee 4.5 to 5.5. -- Low. 
A-3 or A-2._.__ 22. 100_.._ 22 Lee 95 to 100____ | 0 to 20._____ 0.7 to 2.5.-___- Ss ee ones 4.5 to 5.5.----- Low. 
DO ans 25 acca at 100s ayes, 95 to 100____ | 0 to 10__.-_- 10.0 or more___| .02...------ 5.0 to 6.0._.__- Low. 
At 4 2 sete Sone 100__.-.---- 95 to 100____ | 60 to 90_____ 0.2 to 1.5.-___- 6.0 to 7.0-_-__ | 6.0 to 7.0_____- Moderate. 
7; oo geet ace ae 100__..--.-- 95 to 100____ | 65 to 95____- 0.2 to 1.5..._.-] .20.---2---- 6.0 to 7.5 2_____ | High. 
AS oes 2G e8 gon es 100_._-- 22-2. 95 to 100____ | 75 to 95_____ 0.00 to 0.2____. Ged vaste 7.5 to 8.42_____ | High. 
A-~4 or A-6__-_-.----- 100___.----- 95 to 100___. | 60 to 80____- 0.8 to 1.5---.-.) .20_--------- 6.0 to 7.5.-_.-- oe 
to low. 
A-6._..------------ 100___...--- 90 to 100____ | 75 to 95____- 0.2 to 0.8... - piBo2 cevecwwcs 6.0 to 8.0 &_____ Moderate. 
A-6__-------------- 100..._-__... 90 to 100____ | 75 to 95_____ 0.05 to 0.2__.__- he by Gear penance toe 7.5 to 8.4 2____- Moderate. 
9 ee eee ee L002 222 e58 95 to 100___. | 55 to 90_____ 0.2 to 5.0_.._-._] .19-----.---- 6.0 to 7.5_...._ | Low. 
AAs ot Ae ol Selly Ve 95 to 100___. | 55 to 90_____ 0.2 to 2.5......] .17---------- 6.5 to 8.0 3_____ Low. 
A-2 or A~3___- 95 to 100____ | 95 to 100____ | O to 15______ | 5.0 to 10.0____- .O7__........ | 4.0 to §.5_-__--- Low 
AHS8 2s 8osvaestuasgae2 95 to 100____ | 95 to 100.__. | Oto 5._____- 10.0 or more.._| .03---------- 5.0 to 6.0._.--- Low 
dike ic eusoel|) sree eas cowed. | ate oe gaeedis 5.0 to 10.0___._| .50_---.--__. | 5.0 to 6.5_-__.- | Variable. 
100__..--_.- 95 to 100____ | 0 to 15.__-_- 5.0 to 10.0__.-_-| .08_-_-_--.--- 6.0 to 8.0 3_____ Low. 
100_...----- 95 to 100___-_ | 25 to 45.___- 2.5 to 5.0_____- .15_----.-_--- | 6.0 to 7.5___--- Low. 
1LOO% 230 ete 95 to 100__._ | 20 to 60 with | 2.5 to 5.0_____- Oooo weet 5.5 to 8.0 &____- Low. 
strata hav- 
ing as little 
as 5. 
90 to 100__.- | 85 to 95_____ 20 to 55..__._ | 0.8 to 2.5.-____] .12_.----_--- 5.0 to 6.5.._..- | Low. 
95 to 100___- | 95 to 100___. | 20 to 60_____ 0.2 to 0.8__-_-._- 15 -.--.---- | 4.0 to 6.5....._ | Low. 
95 to 100._.- | 90 to 100____ | 70 to 90____. 0.05 to 1.5_..__] .17_.-...-_._- | 7.5 to 8.4 7.---~ Moderate. 
100...2.22-- 95 to 100___. | 2 to 10__.._- 5.0 to 10.0....-| .03._______- 4.5 to 6.5..__.. Low. 
100___-.._--- 95 to 100.__. | 0 to 6_._____ 0.2 to 2.5.-__.- A U5 Foe ae aa 4.0 to 5.0__-.-. Low. 
100..-_..--- 95 to 100___-. | O to 5-__._-- 10.0 or more.__| .02__------- 5.0 to 6.2_____- Low. 
So ans ch tee | | gag dott Nee Ene pets | ate ae eas 2.5 to 5.0.__.__}| .50___.._.__ | 7.0 to 8.43_____ | Variable. 
Marl___._... | Marl__-_.-__- Marl_____.-- OS ssesied he Sk Variable. __. 7.6 to 8.47 _- Variable. 
100.....---- 95 to 100_..- | 0 to 10.____- | >10.0...-2-.- i) nae 5.0 to 6.0.----- Low. 
ails 


4 Beaches on Lake Michigan are calcareous. 


5 pH value is 7.0-8.0 below a dept 


n of 50 inches in 


some places. 


6 Caleareous below a depth of 20 inches in some places. 
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Soil series and map symbol ! 


Allendale...2-..---¢--5----.c+- 
(Mapped only with the 
Belding series.) 


Au Gres (AsB)_.--.------------ 
(For interpretations of the 
Saugatuck soil in this 
mapping unit, refer to the 
Saugatuck series.) 


Belding (BaB, BbB) 
(For interpretations of the 
Allendale soil in mapping 
unit BaB and the Ubly 
soil in mapping unit BbB, 
refer to those respective 
series.) 


Carlisle_.......--.---+--.--+--- 
(Mapped only with the 
Tawas series.) 


Chelsea (CmB, CmC, CnD, Cn£) 
(For interpretations of the 
Mancelona soils in mapping 
units CmB and CmC and of 
the Montcalm soils in ma) 
ping units CnD and Cn 
refer to those respective 
series.) 


Croswell (CrB)______-------_--- 
(For interpretations of the Au 
Gres soil in this mapping 
unit, refer to the Au Gres 
series.) 


Deer Park (OpE)_.------------- 


Deford (Ds)_...-..------------ 


Dune land (Du)-_.-.--.--------- 


Granby (Ga)_--....------------ 


Grayling (GrC, GrD, GrE)._---- 
(For interpretations of the 
Rubicon soils in these 
mapping units, refer to 
the Rubicon series.) 
See footnote at end of table. 


TABLE 7.—Lngineering interpretations: 


Good__-_---.------- 


Fair to poor; well de- 
composed to mod- 
erately decomposed 
organic soil; no 
mineral material. 

Not suited__...-..._-- 


Not suited; very 
sandy; little organic 
matter. 


Not suited; very 
sandy; very little 
organic matter. 


Fair to good; upper sur- 
face 5 to 7 inches 
may be loamy sand. 


Not suited; material is 
very sandy and con- 
tains little organic 
matter. 


Fair to good; surface 
layer extends to a 
depth of 14 inches in 
some places and is 
sandy loam in places. 

Not suited._._-.____- : 


SOIL SURVEY 


Poor or not suited, even 
though sandy toa 
depth of 18 to 42 
inches. 


Good; poorly graded, 
medium-grained sand. 


Not suited.__---------- 


Not suited; organic soil-_- 


Good; poorly graded 
sand; lenses of fine ma- 
terial in some places. 


Good; poorly graded, me- 
dium sands. 


Good; medium to fine 
sand. 


Poor; sand is fine and 
poorly graded. 


Good; medium to fine 


Fair; sand is poorly grad- 
ed and contains fines in 
some places. 


Good; sand is poorly 
graded and medium 
grained. 


Suitability as source of— 


Topsoil Sand Gravel Road fill ft Highway 
subgrade 


Suitability of soils as construction 


Not suited__-..---_ Poor; surface layer is 
too fine and contains 


little sandy material. 


Not suited__.-.._- Good; sand is wet below 


a depth of 3 or 4 feet. 


Not suited__.------ Poor; generally wet 
below a depth of 4 


feet; fine textured. 


Not suited._.-_-.-- Not suited; organic 


soil. 


Good; easily eroded; good 


Poorly suited_..____ 
to fair bearing capacity. 


Not suited___._.....| Good; wet below a depth 


of 5 feet in places. 


Not suited__.._...- Good; sand is fine in 


places. 


Not suited__..-.__- Fair; wet below a depth 
of 1 to 3 feet; sand is 
fine and has low 


volume change. 


Not suited... .- Good; sand is fine in 


places. 


Not suited.._-_____ Fair; generally wet below 
a depth of 2 to 3 feet; 


low volume change. 


Not suited._.-.._-- Good; erodes easily; low 


volume change. 


MUSKEGON COUNTY, MICHIGAN 


material and soil features affecting engineering practices and structures 


Suitability as source of— 
Continued 


Poor to a depth of 18 to 
42 inches; fair in sub- 
stratum; material below 
18 to 42 inches is wet 
and difficult to com- 
pact. 


Poor; porous sands__-.. ~~ 


Fair to a depth of 18 to 
42 inches; needs com- 
paction; good below a 
depth of 18 to 42 
inches, but often wet. 


Not suited._-_.-..------ 


Poor; sandy....._-_------ 


Not suited___-_-__-._.--- 


Not suited..__..._.----- 


Not suited... ----.--- 


Not suited....-.-------- 


279-229—68-——_-5 


Impermeable material Highway location 


Seasonal high water table; 

susceptible to frost heav- 
ing; side slopes are seepy 
in places. 


Seasonal high water table; 
high erodibility. 


Seasonal high water table; 
slopes are seepy in places. 


High water table; unstable 
organic material. 


High erodibility; cuts and 
fills often needed; material 
easily excavated but diffi- 
cult to haul. 


High water table for limited 
period; loose sands hinder 
hauling. 


High erodibility; no other 
limitations; cuts and _ fills 
needed in many places. 


High water table; may con- 


tain thin layers of unstable 
material; susceptible to 
frost heaving. 


High erodibility; easily erod- 
ed, no other restrictions; 


cuts and fills needed in many 


places. 
High water table.__.._..--- 
High erodibility; cuts and 


fills needed in places; 
hauling difficult. 


Soil features affecting— 


Winter grading 


Foundations for low buildings 


High content of mois- 
ture; poor stability 
when thawing. 


High content of mois- 
ture hinders opera- 
tions some of the 
time. 


High content of mois- 
ture; poor stability 
when thawing. 


High water table; un- 
stable organic ma- 
terial. 


Low content of moisture; 
good drainage; sandy 
material. 


Low content of moisture 
most of the time; good 
stability when thawing. 


Low content of moisture; 
good stability when 
thawing. 


High water table; high 
content of moisture. 


Low content of moisture; 
good stability when 
thawing. 


High water table; wet 
conditions. 


Low content of moisture; 
sandy material; good 
drainage. 


Seasonal high water table; 
subject to frost heaving; 
low bearing capacity and 
high shrink-swell potential 
below a depth of 18 to 42 
inches. 


Seasonal high water table; 
low volume change; very 
low compressibility; pip- 
ing hazard. 


Seasonal high water table; 
subject to frost heaving. 


Low bearing capacity; un- 
stable organic material; 
high water table; not 
suitable for construction. 


No limiting features__ ~~ -- 


Seasonal high water table; 
piping hazard; good bearing 


during wetting and drying; 
becomes liquid and flows 
when wet. 


Low volume change on wet- 
ting and drying; low com- 
pressibility; becomes liquid 
and flows when wet. 


High water table; contains 
thin layers of unstable ma- 
terial; subject to frost heav- 
ing; piping hazard; material 
may become liquid and flow 
when wet. 


Low volume change on wet- 
ting and drying; low com- 
pressibility; material be- 
wet. 


High water table; subject to 
frost heaving; subject to 
piping. 


No limiting features___----- 


capacity; low volume change 


comes liquid and flows when |- 
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Cc 


orrosion 
potential for 
conduits 


Very high for 
metal; low for 
concrete. 


High for metal; 
low for con- 
crete. 


High for metal; 
low for con- 
crete. 


Very high for 
metal; mod- 
erate for 
concrete. 


Low for metal; 


low for 
crete. 


con- 


Low for metal; 
low for  con- 
crete. 


Low for metal; 
low for  con- 
crete. 


High for metal; 
low for con; 
crete. 


Low for metal; 
low for con- 
crete. 


High for metal; 
low for con- 
crete. 


Low for metal; 
low for con- 
crete. 
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TaBuLe 7.—Engineering interpretations: Switability of soils as construction 


Suitability as source of— 


Soil series and map symbol ! 


Hettinger (Hp)._-------------- 
(For interpretations of the 
Pickford soil in this map- 
ing unit, refer to the 
ickford series.) 


Houghton (Ht)._-------------- 


Kalkaska (KaB)___-----.-_---- 
(For interpretations of the 
Wallace soil in this map- 
ing unit, refer to the 
allace series.) 


Kawkawlin (KkA, KkB, KsA, 
KsB). 

(For interpretations of the 
Selkirk soils in mapping 
units KsA and KB, refer 
to the Selkirk series.) 


Kent (KtE)___.--------------- 
Kerston (Ku)__..-------------- 


Lake beaches (La)-------------- 


Mancelona___--.-_--_--.------ 
(Mapped only with the 
Chelsea series.) 


Marsh (Ma)...---------------- 


Menominee (MeB, MeC)__--_---- 
(For interpretations of the 
Ubly soils in these map- 
ping units, refer to the 
bly series.) 


Montcalm (MhB)-..------------- 
(For interpretations of the 
Chelsea soil in this map- 
ping unit, refer to the 
Chelsea series.) 


See footnote at end of table. 


Not suited.....-_-.-..- 


Fair to poor; well de- | Not suited.._.__._----- 
composed to partly 
decomposed organic 


material. 


Not suited___._____-- Good; sand is medium 
and poorly graded. 
Good) ocivs2es been e Not suited___-____----- 
Pogf:esessuecsseeehe Not suited....-_------- 
Fair to good; good if Not suited__.-_.------- 


mineral and organic 
materials are mixed. 


Not suited___..-.---- Good; medium to coarse, 
rounded grains of 


clean sand. 


Good; sandy to a depth 
of 18 to 42 inches; 
loose sand and gravel 
below a depth of 18 to 
42 inches. 


Poor; gravelly in 
places. 


Not suited__...-----.-- 


Fair to a depth of only 
18 to 42 inches. 


Poor to fair; loamy sand 
to a depth of 42 inches; 
sand below 42 inches 
in places. 


Road fill for highway 
subgrade 


Not suited......_-. Poor; generally wet; 
contains materials that 
have an undesirable 


texture. 


Not suited__..__--- 


Not suited_____.--- 


Not suited____.--~- Fair to poor; generally 
poor below a depth of 
3 or 4 fect because of 


wetness. 


Not suited..._----- Poor; unstable when wet; 
difficult to work and 


compact. 


Not suited_._.----- Poor; unstable when wet; 
difficult to work and to 


compact. 


Not suited_...----. Good above water table-_- 


Good; sandy to a 
depth of 18 to 42 
inches; loose sand 
and gravel below 
depth of 18 to 42 


inches. 

Not suited__.---_-- Not suited; high water 
table. 

Not suited...-.---- Good to a depth of 18 to 
42 inches; fair below a 
depth of 18 to 42 inches. 

Not suited_.--_---- Go0d22.2 2202 Soest oct 
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material and soil features affecting engineering practices and structures—Continued 


Suitability as source of— 
Continued 


Impermeable material Highway location Winter grading Foundations for low buildings 


Fair to poor; wetness 
makes compaction diffi- 
cult; contains layers of 
fine sand, silt, or fine 
clay. 


Not suited__._-_.....---- 


Not suited___._-.-...__-- 


Good to fair, depending 
on content of moisture; 
difficult to compact 
when wet or dry. 


Fair; fine-textured ma- 
terial; difficult to 
compact. 


Not suited_-_..-..------- 


Not suited._--.--------- 


Generally poor; good in 
subsoil between depths 
of 4 and 10 inches. 


Not suited__._____ 2-2. 


Poor to a depth of 18 to 
42 inches; good below a 
depth of 18 to 42 inches. 


Generally poor; good in 
finer textured subsoil 
between depths of 4 and’ 
8 inches. 


High water table; occasional 
ponding; contains layers of 
unstable soil material; sub- 
ject to frost heaving. 


Organic soil; high water 
table; occasional ponding. 


High erodibility; cuts and 
fills needed in places. 


Seasonal high water table; 
subject to some frost’ 
heaving. 


Plastic soil materials subject 
to slight frost heaving; 
cuts and fills needed in 
places. 


Organic materials; high water 
table; occasional ponding. 


High water table in some 
places; unstable sands; 
high erodibility. 


Cuts and fills needed in 
many places. 


Organic soil; high water 
table; ponding. 


High erodibility; slightly 
plastic.clays at a depth of 
18 to 42 inches; cuts and 
fills needed in many 
places. 


Cuts and fills needed in some 
places. 


Soil features affecting— 


High water table; poor 
stability when thaw- 
ing. 


High water table; un- 
stable organic ma- 
terial. 


Low content of moisture; 
sandy material; good 
drainage. 


Content of moisture is 
too high for good 
compaction; poor 
stability when thaw- 
ing. 


Periods when content of 
moisture is high; poor 
stability when thaw- 
ing. 


High water table; un- 
stable organic 
material. 


Variable features, de- 
pending on depth to 
water table. 


Low content of 
moisture; good drain- 
age and stability 
when thawing. 


Poor stability when 
thawing; content of 
moisture varies. 


Low content of mois- 
ture; good drainage; 
sandy material. 


High water table; occasional 
ponding; contains unstable 
materials; subject to frost 
heaving; contains layers 
that have low bearing 
capacity; moderate shrink- 
swell potential. 


Low bearing capacity; un- 
stable organic soils not 
suited to construction. 


No limiting features____~--- 


Seasonal high water table; 
subject to some frost 
heaving; moderate shrink- 
swell potential. 


Low shear strength; subject 
to slight frost heaving; 
low bearing capacity; high 
shrink-swell potential. 


Low bearing capacity; high 
water table; unstable 
organic material; suitable 
for construction. 


High to low bearing capac- 
ity; fluctuating water 
table. 


No limiting features..--_----- 


Organic material not suited 
to construction. 


Fairly low to low bearing 
capacity; moderate to 
high volume change on 
wetting and drying; 
possible seepage at a 
depth of 18 to 42 inches. 


No limiting features_---.---- 
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Corrosion 
potential for 
conduits 


High for metal; 
low for con- 
erete. 


Very high for 
metal; moder- 
ate for con- 
crete. 


Low for metal; 
low to moder- 
ate for con- 
crete. 


High for metal; 
low for con- 
crete. 


High for metal; 
low for con- 
crete. 


Very high to 
high for metal; 
low for 
concrete. 


Moderate for 
metal; low for 
concrete. 


Low to moderate 
for metal; low 
for concrete. 


Very high for 
metal; 
moderate for 
concrete. 


Moderate for 
metal; low for 
concrete. 


Low for metal; 
low for 
concrete. 
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SOIL SURVEY 


TABLE 7,—Engineering interpretations: 


Soil series and map symbol ! 


Nester (NeB, NeC, NrC, NsD, 
NsD3, NsE, NsE3, NtB, NuB). 
(For interpretations of the 
Kawkawlin soil in mapping 
unit NtB and of the Ubly 
soil in mapping unit NuB, 
refer to those respective 
series.) 


Generally fair; poor in 
eroded areas. 


Ogemaw (OgB)--_------------- 


Pickford. = 222042255. sees. 
(Mapped only with the Het- 
tinger series.) 


Good; very fine tex- 
tured in places. 


Roscommon (Ra)_.-.----------- WaiPoeot. bo oa 
(For interpretations of the 
Au Gres soil in this map- 
ping unit, refer to the Au 
Gres series.) 
Rousseau (RoB)_----_--------- POOPs. Jase eetess 2 
Rubicon: 
Sand (RsB, RsD)_.-------- Not suited...-------- 
Loamy substratum (RtB, | Poor_.-------------- 
RtC). 
(For interpretations of 
the Montcalm soils in 
these mapping units, 
refer to the Montcalm 
series.) 
Saranac (Sa)__.--------------- Good___..-..--.---- 
Saugatuck_._..--.------------- POOP se sc due cee vee 


(Mapped only with the Au 
Gres series.) 


Helkirk:.i26..4 5a usoceuse otis 
(Mapped only with the 
Kawkawlin series.) 


Good; too fine tex- 
tured in some 
places. 


Sims (Sm)._.-------------~---- 


See footnote at end of table. 


Suitability as source of— 


Not suited_..-..--.-... 


Poor; sandy material to 
a depth of 24 inches 
but contains a hard- 
pan. 


Not suited...-..---..-- 


Good; poorly graded, 


medium to coarse 
sand. 


Poor; fine sand that con- 


tains thin layers of 
finer material. 


Good; medium sand_--_- 


Good; poorly graded 
sand. 


Not suited; gravel below 
a depth of 34 feet in 
places. 


Good below a depth of 
42 inches; contains 
hardpan above 3% 
feet. 


Not suited_..-.._._--_- 


Not suited 


Suitability of soils as construction 


Not suited________- 


Poor; grav 


el in 


places below a 
depth of 42 


inches. 


Not suited______._- 


Not suited_._..-_-- 


Not suited____.___. 


Not suited 


-Not.suited 


Not suited 


or fair___ 


Road fill for highway 
subgrade 


Fair; slightly plastic 
material. 


Poor below a depth ot 18 
to 42 inches because 
soil is commonly wet 
and contains plastic 
clay; fair above. 


Not suited; wet, plastic 
clays. 


Fair; commonly wet; 
low volume change. 


Fair; fine sands may be 
unstable. 


Good; erodes easily - ___- 


Good to a depth of 42 to 
66 inches; fair to poor 
below a depth 42 to 
66 inches. 


Poor; commonly wet 
and contains fine- 
textured material. 


Poor to fair; commonly 
wet and subsoil con- 
tains cemented 
material. 


Poor; commonly wet 
plastic clay below a 
depth of 3 or 4 feet. 


Poor; wet, sete 
plastic material. 
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Suitability as source of— 
Continued 


Impermeable material 


Good, but do not use 
when material is ex- 
tremely wet or dry. 


Poor; soil is sandy to a 
depth of 18 to 42 inches; 
it is fine-textured and 
dificult to compact and 
work below a depth of 
18 to 42 inches. 


Poor; wet plastic clays; 
difficult to compact and 
work. 


Not suited; wet sands_-_-_-_ 


Poor; fine sands__.._.__.. 


Not suited. __._-_--.22_ 


Generally not suited; good 
below a depth of 42 to 
66 inches. 


Fair to good; wetness 
makes compaction 
difficult. 


Not suited 


Poor; wet plastic clay 
below a depth of 3 to 4 
feet; difficult to com- 
pact and work. 


Fair; wet in plow material; 
difficult to compact or 
handle, or both. 


279-229 O - 68-6 


Highway location 


Slightly plastic clays; cuts 
and fills needed in many 
places. 


Seasonal high water table; 
cemented sand in subsoil; 
plastic clays below a depth 
of 18 to 42 inches; subject 
to frost heaving. 


High water table, at times 
ponded; plastic clays; sub- 
ject to frost heaving. 


High water table; occasional 
ponding. 


High erodibility; fine sand 
contains thin layers of silt; 
subject to slight frost 
heaving; cuts and fills 
needed in some places. 


High erodibility; cuts and 


fills needed in many places. | 


High erodibility; cuts and 


fills needed in many places. 


High water table; subject to 
flooding; contains layer of 
unstable soil material in 
some places; subject to 
frost heaving. 


High water table; subsoil 
contains cemented sand; 
subject to frost heaving. 


Seasonal high water table; 
plastic soil material; sub- 
ject to frost heaving. 


High water table; slightly 
plastic soil material; sub- 
ject to frost heaving. 


Soil features affecting— 


Winter grading 


Very high content of 
moisture; poor stabil- 
ity when thawing. 


Poor stability when 
thawing; seasonal high 
water table; often 
wet. 


High water table; wet- 
ness limits operations; 
poor stability when 
thawing. 


High water table; often 
wet. 


Variable content of 
moisture and compac- 
tion properties; sandy 
material may be un- 
stable when thawing. 


Low content of moisture; 
good drainage; good 
stability when 
thawing. 


Low content of moisture; 
good drainage. 


High water table; sub- 
ject to flooding. 


Seasonal high water 
table; normally wet. 


High content of mois- 
ture; poor stability 
when thawing. 


High water table; poor 
stability when 
thawing. 


F 


oundations for low buildings 


Moderate shrink-swell poten- 
tial; fairly low to low 
bearing capacity; medium 
shear strength and com- 
pressibility; slight hazard 
of frost heaving. 


Susceptibility to frost heav- 
ing; low bearing strength 
below a depth of 18 to 42 
inches; high shrink-swell 


potential; high water table. 


Low shear strength; subject 
to frost heaving; low bear- 
ing capacity; high water 
table; high shrink-swell 
potential; piping hazard; - 
poor stability. 


High water table; occasional 
ponding; piping hazard. 


Slight susceptibility to frost 
heaving; may contain lay- 
ers with low stability; 
piping hazard. 


No limiting features. .-_.___ 


Moderate to high shrink-swell 
potential below a depth of 
42 to 66 inches; possible 
seepage at a depth of 42 
to 66 inches. 


High water table; subject to 
flooding; subject to frost 
heaving; contains layers of 
unstable material and 
layers subject to piping. 


High water table; subject to 
frost heaving; piping 
hazard; subsoil contains 
cemented material. 


Low shear strength; high 
compressibility; subject to 
frost heaving; low bearing 
capacity; high shrink- 
swell potential; seasonal 
high water table. 


High water table; subject to 
frost heaving. 
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Corrosion 
potential for 
conduits 


Low to moderate 
for metal; low 
for concrete. 


High for metal; 
low for con- 
crete. 


Very high for 
metal; low for 
concrete. 


High for metal; 
low for con- 
crete. 


Low for. metal; 
low for.con-' 
crete. 


Very high for 
metal; low for 
concrete. 


Low for-metal 
in sandy ma- 
terial, high in 
loamy sub- 
stratum; low 
to moderate 
for concrete. 


High for metal; 
low for con- 
crete. 


High for metal; 
low for con- 
crete. 


Very high for 
metal; low 
for concrete. 


High for metal; 
low for con- 
crete. 
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TABLE 7.—Engineering interpretations: Surtability of soils as construction 


Soil series and map symbol ! 


Topsoil 


Sloan (So)...----------------- | Good_..-----~------- Foot, lenses of sand in 
places. 


Suitability as source of-— 


Not suited___..---. Poor; contains layers 


Gravel 


Road fill for highway 
subgrade 


that have an un- 
desirable texture. 


Sparta (Sp)-.----------------- Poor; material has Good; medium to Not suited___----.- Good; erodes easily------ 
high content of or- coarse sand. 
ganic matter but is 
very sandy. 

Tawas (Tc)...------------------ Fair to poor; organic Fair below a depth of 18 | Poor; gravel in Not suited; organic soil. -- 


to 42 inches; over- 


matter is partly 
burden of organic 


(For interpretations of the 
decomposed or 


Carlisle soil in this map- 


places below a 
depth of 42 inches. 


ping unit, refer to the undecomposed. material. 
Carlisle series.) 
Tonkey (Td)..---------------- | Good_-.------------- Poor; lenses of sand in Not suited__------- Poor; generally wet and 


(For interpretations of the some places. 
Deford soil in this map- 
ping unit, refer to the 


Deford series.) 


contains layers that 
have an undesirable 
texture. 


Ubly 2.32.4 eceeucSenevost oe ifs oe Sue -.. | Not suited___...--..--- Not suited__.-____- Generally fair; good 


(Mapped only in complexes 
with the Belding, 
Menominee, and Nester 
series.) 


Wallace._..-----.------------- | Not suited___._..---- Good below hardpan_.-- | Not suited_..------ Good; subsoil contains 


(Mapped only with the 
Kalkaska series.) 


above a depth of 18 
to 42 inches. 


hardpan; may be wet 
at a depth of 5 feet. 


Warners (Wa) _.--------------- Poor to fair; organic Not suited_-....------- Not suited...-_---- Not suited; marl_____-__ 
: material normally 
contains bits of 
marl. 
Wind eroded land (We)--------- Not suited__-.--.---- Good; poorly graded, Not suited_-_-.---- Good; sand is wet below 


medium-grained sand. 


a depth of 3 or 4 feet 
in some places. 


1 Interpretations were not made for Blown-out land (BoB, BoE). 


TABLE 8.—Engineering interpretations: Soil features 


Farm ponds 


Soil series and map symbol ! 
Reservoir area 


Embankment 


Alletidalése 2a. cose ncesscees atte see se Rapid permeability and rapid seepage in 
(Mapped only with the Belding series.) sandy material to a depth of 18 to 42 
inches; slow permeability and very slow 

seepage below that depth. 


AuiGres (ASB) sooo ee Ge tesereconstiusees Rapid permeability; rapid seepage 

(For interpretations of the Saugatuck 

soil in this mapping unit, refer to the 
Saugatuck series.) 


See footnote at end of table. 


Rapid seepage in sandy material to a depth 
of 18 to 42 inches; subject to piping; 
underlying clay is unstable when wet and 


has high shrink-swell potential and low 
bearing capacity. 


Good compaction; rapid seepage; subject to 
piping; fairly stable. 
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material and soil features affecting engineering practices and structures—Continued 


Suitability as source of — 
Continued 


Impermeable material 


Highway location 


Soil features affecting— 


Winter grading 


Fair; wet and contains 
layers that have an un- 
desirable texture. 


High water table; subject to 
flooding; contains layers of 
undesirable soil material. 


Not suited.....-.--2 2. High erodibility....-._____. 


Not suited.____.-___-._- High water table; frequent 
ponding; organic soil 


material. 


Fair to poor; wet; con- 
tains layers af sand or 
silty materials or both. 


High water table; contains 
layers of unstable soil 
materials; subject to frost 


heaving. 
Good___---------------- Slight susceptibility to frost 
heaving; side slopes are 
seepy in places. 
Not suited_.___._____--- High erodibility; cemented 


sand subsoil. 


Not suited; wet and con- 
tains marl; extremely 
difficult to compact or 
work, or both. 


High water table; subject to 
flooding or ponding; 
organic material over marl; 
unstable and plastic. 


Poor; sandy and porous.__| High water table in places; 


stabilization necessary. 


affecting agricultural practices and structures 


High water table; wet- 
ness limits operations; 
poor stability when 
thawing. 


Low content. of mois- 
ture; good drainage; 
good stability when 
thawing. 


High water table; un- 


stable organic material. 


High water table; poor 
stability when thaw- 
ing. 


Medium to high content 
of moisture during 
most of the year; 
poor stability when 
thawing. 


Low content of mois- 
ture; good drainage; 
good stability when 
thawing; sandy 
material. 


High water table; 
organic material over 
marl. 


High water table in 
some areas; in those 
areas poor stability 
when thawing. 


Agricultural drainage 


water table; improving drainage is 
difficult in places because of uneven 
slopes and silty clay to clay at a depth of 
18 to 42 inches; blind and backfill with 
porous material. 


spots. 


Somewhat poor drainage; rapid perme- 
ability; seasonal high water table; tile 
drainage is difficult in some places be- 
cause material is sandy; install tile and 
ditch during dry periods; soil can be 
overdrained. 


fertility. 


Irrigation 


Somewhat poor drainage; seasonal high | Low water-holding capacity; 
rapid intake rate; side 
slopes may develop seepy 


Low water-holding capacity; 
rapid intake rate; frequent 
applications of water 
required; very low 


Foundations for low buildings 


Terraces and diversions 


Generally not needed __- 


Not needed____.__._._- 


Corrosion 
potential for 
conduits 


Moderate for 
metal; low 
for concrete. 


Piping hazard and poor 
stability; subject to frost 
heaving; high water table; 
subject to flooding. 

No limiting features. _.._.__ Low for metal; 
low for con- 
crete. 


Low bearing capacity; high 
water table; unstable 
organic materials not 
suited to construction. 


High for metal; 
low for con- 
crete. 


Low stability; subject to 
frost heaving; piping 
hazard and low bearing 
capacity; high water table; 
subject to flooding. 


High for metal; 
low for 
concrete. 


Moderate for 
metal; low for 
concrete. 


Slight hazard of frost heaving; 
possible seepage at a depth 
of 18 to 42 inches. 


No limiting features________ Low for metal; 
low for 


concrete. 


Low bearing capacity; high 
water table; ponding; 
unstable organic material 
and marl not suited to 


Very high for 
metal; low 
for concrete. 


construction. 
Piping hazard; seasonal high | Low for metal; 
water table in places. low for 
concrete. 


Grassed waterways 


Nearly level to short gentle 
‘slopes. 


Sandy soil; short gentle 
slopes; low water-holding 
capacity; low fertility. 
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SOIL SURVEY 


TABLE 8.—Engineering interpretations: Soil features 


Moderate seepage above a depth of 18 to 42 | Good compaction; moderate permeability 


Soil series and map symbol ! 


Belding (BaB, BbB) 

(For interpretations of the Allendale soil 

in mapping unit BaB and the Ubly soil 

in mapping unit BbB, refer to those 
respective series.) 


inches; slow seepage below that depth. 


High water table; rapid seepage; organic 
soil; possible site for pit-type pond; 
flotation possible. 


Carlisle... gos62-s6502 -eoecccuceceteclels 
(Mapped only with the Tawas series.) 


Chelsea (CMB, CmC, CnD, CnE)-___-------- 

(For interpretations of the Mancelona 

soils in mapping units CmB and CmC 

and of the Montcalm soils in mapping 

units CnD and CnE, refer to those 
respective series.) 


Croswell (CrB)..------------------------- 
(For interpretations of the Au Gres 
soil in this mapping unit, refer to the 

Au Gres aac) 


Rapid permeability ; rapid seepage; material 
is too sandy to hold water unless seal 
blanket is used. 


Rapid seepage; rapid or very rapid perme- 
ability; sandy soil. 


Deer. Park (DpE)_----------------------- Rapid seepage; rapid or very rapid perme- 


ability; sandy soil. 


Deford. (Ds)_W. «242+ -+--0--- 5-22 sean sds High water table; rapid seepage; rapid 


permeability. 


Dune land (Du).------------------------ Rapid seepage; rapid or very rapid perme- 


ability; sandy soil. 


Granby: (Ga). + 2420.+2-2--slese+-4-5-2-25 High water table; rapid permeability; rapid 


seepage. 


Grayling (GrC, GrD, GrE) 

(For interpretations of the Rubicon soils 

in these mapping units, refer to the 
Rubicon series.) 


Rapid permeability; rapid seepage; soil is 
too porous to hold water unless seal 
blanket is used. 


Hettinger (Hp)__------------------------ 

(For interpretations of the Pickford soil 

in this mapping unit, refer to the 
Pickford series.) 


Houghton (Ht)_------------------------- 


High water table; slow to moderately slow 
permeability and seepage; contains thin 
layers that have rapid seepage in places. 


High water table; moderately rapid perme- 
ability; rapid seepage; suited to pit-type 
ponds; flotation of organic material 
possible. 


See footnote at end of table. 


above a depth of 18 to 42 inches; slow 
permeability below that depth; mixing of 
material above depth of 18 to 42 inches 
with the finer textured material below 
results in material well suited to impervious 
cores and blankets. 


Organic material; unstable for embankments_ 


Rapid seepage; fair stability and compaction; 
subject to piping; low volume change on 
wetting and drying. 


Rapid seepage; rapid or very rapid perme- 
ability; good compaction; subject to 
piping; fair stability; very sandy material. 


Rapid seepage; rapid or very rapid perme- 
ability; good compaction; subject ‘to 
piping; fair stability; very sandy material. 


Good compaction; rapid seepage; ' rapid 
permeability; subject to piping; fair. to 
Doct stability and bearing capacity; fine 
sand. 


Rapid secpage; rapid or very rapid perme- 
ability; good compaction; subject to 
piping; fair stability; very sandy. 


High water table; fair stability and compac- 
tion; rapid seepage; subject to piping. 


Rapid seepage; fair stability and compaction ; 
subject to piping; low volume change on 
wetting and drying. 


High water table; fair to good compaction 
and stability; contains layers that have 
rapid seepage in places and are subject to 
piping in places. 


High water table; unstable organic material. 
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Agricultural drainage Irrigation Terraces and diversions 
Somewhat poor drainage; scasonal high | Medium water-holding Generally not needed __. 
water table; drainage is difficult in capacity; medium intake 


places because of uneven slopes and clay rate; side slopes develop 
loam at a depth-of 18 to 42 inches; on seepy spots in places. 
side slopes or toe slopes, tile may be 

needed to intercept seepage. 


Very poor drainage; high water table; | Very high water-holding Not needed. 
unstable organic soil; subject to sub- capacity; rapid intake 
sidence; requires system that controls rate; permeable; low 
water table; walls of ditches subject to natural fertility; organic 
cave in; special blinding material needed; soil; poor natural drainage. 
interceptor ditches commonly effective. 


Not needed; naturally good drainage... | Low water-holding capacity; | Generally not needed___- 
rapid intake rate; rapid 
permeability ; low fertility; 
uneven slopes. 


Generally not needed; moderately good | Low water-holding capacity; | Not needed 
drainage. rapid intake rate; low 
natural fertility; rapid or 
very rapid permeability; 
very frequent applications 
of water required. 


Not needed; good natural drainage. ----_-- Not used for farming- - ~~ _-- Not needed______------ , 


Poor drainage; high water table; tile gener- | Low water-holding capacity; | Not needed 
ally not used; fine sandy soil requires rapid intake rate; low 
special investigation and methods; sur- fertility; poor natural 
face drainage and control of water table drainage. 
needed for special crops; construct drains 
during dry period. 


Not needed; good natural drainage------- Not used for farming----_--- Not needed__...-------- 


Poor drainage; tile generally not used; | Low water-holding capacity; | Not needed 
sandy soil requires special investigation rapid intake rate; low 
and methods; shallow ditches and control fertility; rapid permeability ; 
of water table generally needed; install poor natural drainage. 
during dry periods. 


Not needed; not used for farming- ---_---- Not used for farming. .--_-- Not needed__-_-------- 


Poor drainage; high water table; layers of | High water-holding capacity; | Not needed.__--.-.---- 


unstable material require special atten- medium to low intake rate; 
tion; shallow ditches are needed to re- occurs in pockets in places; 
move surface water. poor natural drainage. 
Very poor drainage; high water table; un- | Very high water-holding Not needed__------..-- 
stable organic soil that is subject to capacity; rapid intake rate; 
subsidence; drainage by pumps and con- low fertility; organic soil; 


trol of water table needed; walls of ditches poor natural drainage. 
subject to immediate cave in; special 

blinding material and intercepter ditches 

needed. 


Grassed waterways 


Seepy spots may delay con- 
struction; no other 
limiting features. 


Not needed. 


Droughty sand; construction 
difficult with plow; low 
fertility; vegetation difficult 
to establish. 


Low water-holding capacity; 
low fertility; little runoff; 
easily eroded sandy soil. 


Low water-holding capacity; 
low fertility; high erodibility ; 
construction difficult in steep 
sandy soil. 


Generally not needed. 


Low water-holding capacity ; 
low fertility; high erodibility; 
steep slopes; difficult to 
construct in sand. 


Generally not needed. 


Generally not needed. 


Generally not needed. 


Not suited or needed. 
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TABLE 8.—Engineering interpretations: Soil features 


Reservoir area Embankment 


Soil series and map symbol ! 


‘Rapid seepage; fair stability and compaction; 
subject to piping; low volume change on 
wetting and drying. 


Rapid to very rapid permeability; rapid 
seepage; too sandy to hold water unless 
seal blankets used. 


Kalkaska (KaB)_..---------------------- 

(For interpretations of the Wallace soil 

in this mapping unit, refer to the 
Wallace series.) 


Fair to good stability and compaction; slow 
seepage: 


Seasonal high water table; moderately slow 


Kawkawlin (KkA,-KkB, KsA, KsB)_..----- 
permeability; slow seepage. 


(For interpretations of the Selkirk soils 
in mapping units KsA and KsB, refer 
to the Selkirk series.) 


Kenti(Ktb)veieen oo ele ih 


Slow seepage; fair to poor compaction and 
stability; high volume change on wetting 
and drying. 


Slow to moderately slow permeability; slow 
seepage. 


High water table; variable permeability; | High water table; unstable organic material_ 
rapid seepage; suited to pit-type ponds; 


flotation of organic material possible. 


Kerston (Ku)____------------------------ 


Rapid seepage; fair to good stability and 


Very rapid permeability; very rapid seep- 
compaction; subject to piping. 


Lake beaches (La)_----------------------- 
age; too porous to hold water. 


Rapid seepage; fair stability; subject to 


Moderately rapid to rapid permeability and 
piping; fair to good compaction. 


rapid seepage above a depth of 18 to 42 
inches; coarse sand, gravel, or both be- 
low; very rapid seepage. 


Mancelona@: 2.7 228 Yen ee tec toes Sot 
(Mapped only with the Chelsea series.) 


Very high water table; unstable organic 


Very rapid seepage; submerged during 
material. 


parts of the year; suited to pit-type 
ponds. 


Marsh (Ma)__-------.------------------- 


Fair stability, rapid seepage, subject to pip- 
ing above a depth of 18 to 42 inches; fair 
to good stability and slow secpage below. 


Rapid permeability and rapid seepage above 

a depth of 18 to 42 inches; slow seepage 
below; seal blanket required unless sandy 
material is removed. 


Menominee (MeB, MeC)-__.------------- 

(For interpretations of the Ubly soils in 

these mapping units, refer to the Ubly 
series.) 


Rapid seepage; fair stability and compac- 
tion; subject to piping; low volume change 
on wetting and drying. 


Moderately rapid to rapid permeability; 
rapid seepage; too porous to hold water 
unless seal blanket is used. 


Montcalm (MhB)____.__.__--- etter igs ; 

(For interpretations of the Chelsea soil 

in this mapping unit, refer to the 
Chelsea series.) 


Fair to poor stability and compaction; slow 
seepage; high volume change on wetting 
and drying. 


Nester (NeB, NeC, NrC, NsD, NsE, NsE3, 
NsD3, NtB, NuB). 
(For interpretations of the Kawkawlin 
soil in mapping unit NtB and of the 
Ubly soil in mapping unit NuB, refer 
to the respective series.) 


Moderately slow permeability; slow seep- 
age. 


Ogemaw (OgB)._------------------------ Rapid seepage above a depth of 18 to 42} Piping hazard; rapid seepage in sandy ma- 
inches; slow or very slow permeability and} terial; slow seepage in slightly plastic 
Slow seepage below that depth. substratum. 


High water table; poor compaction; slow 
seepage; high volume change on wetting 
and drying. 


Pickford=::.2ce0 2 ees es eon ee es High water table; slow or very slow perme- 
(Mapped only with the Hettinger series.) ability; slow seepage. 


See footnote at end of table. 
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Agricultural drainage 


Irrigation 


Not needed; good natural drainage; low 
fertility. 


Somewhat poor drainage; shallow ditches 
needed for surface drainage, especially 
where surface is irregular. 


Drainage generally not needed except in 
draws or seep spots; soil may warm up 
earlier if random tile is used. 


Very poor drainage; high water table; un- 
stable organic soil that is subject to sub- 
sidence; lack adequate outlets in some 
places; control of water table needed; 
walls of ditches subject to cave in; special 
blinding material required. 


Not used for farming._-.--.------------ 


Not needed; good natural drainage---_---- 


Very poor drainage; material has extreme 
limitations that require special investiga- 
tion and methods; some areas have been 
successfully drained using dikes, pumps, 
and other practices and used for special 
crops. 


Generally not needed; low spots and draws 
require random tile in some places. 


Not needed; good natural drainage--_---- 


Not needed; good natural drainage- - ----- 


Poor to somewhat poor drainage; cemented 
subsoil; sandy material to a depth of 18 to 
42 inches; slow or very slow permeability 
pert shallow surface ditches are bene- 

cial. 


Poor drainage; high water table; frequent 
ponding; slow or very slow permeability ; 
close spacing of tile and special blinding 
and backfilling material needed; requires 
surface water removal. 


Very low water-holding 
capacity; rapid intake rate; 
low fertility; short, uneven 
slopes. 


High water-holding capacity; 
slow intake rate; uneven 
slopes in some places. 


High water-holding capacity; 
slow intake rate; moder- 
ately slow to very slow 
permeability; steep un- 
even slopes. 


Very high water-holding ca- 
pacity; rapid intake rate; 
low fertility; organic soil. 


Not used for farming_-_-_--- 


Low water-holding capacity; 
rapid intake rate; short, 
uneven slopes in places. 


Soil is submerged most of the 
year; saturated during 
entire year. 


Low water-holding capacity 
and rapid intake rate to a 
depth of 18 to 42 inches; 
slow permeability below 
that depth; uneven slopes 
in some places. 


Low water-holding capacity; 
rapid intake rate; short, 
uneven slopes in some 
places; require frequent 
applications of water. 


High water-holding capacity; 
slow to medium intake 
rate; steep uneven slopes 
in some places. 


Low water-holding capacity ; 
rapid intake rate above 
hardpan in subsoil; require 
frequent but small appli- 
cations of water. 


High water-holding capacity; 
very slow intake rate; 
slow or very slow perme- 
ability; poor natural drain- 
age; pockets in places. 


MICHIGAN 


Terraces and diversions 


Not needed_._-_.....-- 


Generally not needed ___ 


Short uneven slopes in 
places; material diffi- 
cult to work. 


Not needed.._..------- 


Not needed____.------- 


High erodibility; slow 
runoff; avoid cuts into 
substratum below a 
depth of 18 to 42 
inches. 


Not needed..______.---- 


Sandy material above a 
depth of 18 to 42 in- 
ches; cuts exposing 
substratum make con- 
struction difficult in 
places. 


Sandy material; uneven 
slopes in some places. 


Short, uneven slopes in 
some areas; subsoil 
may be difficult to 
work. 


Not needed_____.._-___- 


Not needed_______.___- 
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Grassed waterways 


Short slopes; very sandy soil 
that has rapid infiltration and 
low fertility; droughty ; 
vegetation difficult to estab- 
lish; waterways difficult to 
construct with a plow. 


Avoid construction during wet 
periods. 


Rapid runoff; high erodibility; 
difficult. to work when dry. 


Generally not needed. 


Not needed. 


Low fertility; droughty sandy 
soil; vegetation difficult to 
establish; high erodibility. 


Not needed. 


Sandy material to a depth of 18 


to 42 inches; low fertility; 
droughty; high erodibility ; 
vegetation difficult to estab- 
lish. 


Not needed. 


Rapid runoff; subsoil difficult 
to handle when dry. 


Generally not needed. 


Wet fine-textured soil; con- 
struct during dry periods. 
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Soil series and map symbol ! 


Roscommon (Ra) 


(For interpretations of the Au Gres soil 
in this mapping unit, refer to the Au 


Gres series.) 


Rousseau (RoB)-._-.--------------------- 


Rubicon: 
Sand (RsB, RsD)__-_--.--------------- 


Loamy substratum (RtB, RtC) 

(For interpretations of the Montcalm 

soils in these mapping units, refer to 
the Montcalm series.) 


Saranac (Sa)___.------------------------ 


Saugatuck.____._....__.....-..-.-.-.---- 
(Mapped only with the Au Gres series.) 


(Mapped only with the Kawkawlin 


series.) 


Sloan\(So) ose b see eee ee 


Sparta (Sp)___.------------------------- 


Tawas: (ic).ccde5 sooo tte ee to 


(For interpretations of the Carlisle soil 
in this mapping unit, refer to the 


Carlisle series.) 


Monkey Gd) 22023 ose Secs Stee eect eee 


(For interpretations of the Deford soil 


in this mapping unit, refer to the 
Deford series.) 


See footnote at end of table. 
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Taste 8.—Engineering interpretations: Soil features 


Reservoir area Embankment 


High water table; very rapid permeability; 
very rapid seepage. 


Rapid permeability; rapid seepage-_-____-. 


Very rapid permeability; very rapid seepage; 
too sandy to hold water unless seal blan- 
ket is used. 


Rapid to very rapid permeability and rapid 
seepage rate above a depth of 42 to 66 
inches; very slow to slow seepage be- 
low that depth. 


Subject to flooding; high water table; mod- 
erately slow to slow permeability; slow 
seepage above a depth of 3 feet; variable 
seepage below. 


Fluctuating high water table; rapid perme- 
ability; rapid seepage. 


Seasonal high water table; very slow to slow 
permeability; very slow seepage. 


Slow to moderately slow permeability; 


slow seepage. 


subject to flooding; 
moderate seepage; contains layers that 
have rapid seepage. 


Very rapid permeability; very rapid seepage; 


seal blanket required. 


High water table; rapid seepage; suitable 
for pit-type pond; flotation of organic 
material possible. 


Rapid seepage. .....---...--_---------- 


High water table; fair stability and compac- 
tion; rapid seepage; subject to piping. 


Fair to poor stability; moderate seepage; 
fair to poor compaction; subject to piping. 


Rapid seepage; fair stability and compac- 
tion; subject-to piping; low volume change 
on wetting and drying. 


Rapid seepage in sandy material; subject to 
piping; fair to good stability and slow 
seepage in substratum. 


High water table; subject to flooding; wet- 
ness makes compaction difficult; contains 
layers subject to piping. 


Seasonal high water table; rapid seepage; 
subject to piping. 


Seasonal high water table; high volume 
change on wetting and drying; slow seep- 
age; plastic materials. 


High water table; slightly plastic material; 
slow seepage. 


High water table; fair to good compaction; 
moderate seepage; subject to piping. 


Rapid seepage; fair stability and compaction 
subject to piping; low volume change on 
wetting and drying. 


High water table, unstable organic material 
to a depth of 18 to 42 inches; sandy sub- 
stratum below is subject to piping and has 
rapid seepage. 


High water table; low stability, subject to 
piping; subject to flooding. 
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affecting agricultural practices and structures—Continued 


Agricultural drainage 


Poor drainage; high water table; shallow 
open ditches and control of water table 
generally effective; tile requires special 
investigation and methods; install during 
dry periods. 


Generally not needed; good natural drain- 
age. 


Not needed; good natural drainage _-_-_-.__ 


Not needed; good natural drainage----_-_- 


Poor drainage; subject to flooding; high 
water table; special investigation and 
methods required; shallow ditches gen- 
erally needed to remove surface water. 


Poor to somewhat poor drainage; seasonal 
high water table; acid sandy material; 
cemented subsoil; shallow ditches needed 
for surface drainage. 


Somewhat poor drainage; seasonal high 
water table; very slow or slow permeabil- 
ity; surface drainage needed; close spac- 
ing of tile and special blinding and back- 
filling materials needed. 


Poor drainage; high water table; surface 
drainage needed. 


Poorly drained; subject to flooding; high 
water table; contains layers of unstable 
material requiring special investigation 
and methods; outlet lacking in places. 


Not needed; good natural drainage_..___. 


Very poor drainage; high water table; 
shallow organic soil that is subject to 
subsidence over sand at a depth of 18 to 
42 inches; shallow open ditches and 
control of water table are generally 
better than tile drains. 


Poor drainage; high water table; rapid 
seepage; contains layers of unstable 
soil; requires special inves a ean an a 
methods and special blinding; walls 
ditches subject to cave in; install Sine 
dry periods, 


Irrigation 


Very low water-holding ca- 
pacity; rapid intake rate; 
frequent applications of 
water required. 


Low water-holding capacity; 
rapid intake rate; frequent 
applications of water re- 
quired. 


Very low water-holding ca- 
pacity; very rapid intake 
rate; uneven relief; very 
poorly suited to farming. 


Very low water-holding ca- 
pacity; rapid intake rate; 
slow permeability below a 
depth of 42 to 66 inches; 
short, uneven slopes in 
places. 


High water-holding capacity; 
medium to slow intake rate; 
poor natural drainage; 
pockets in places. 


Very low water-holding ca- 
pacity; rapid intake rate 
above the hardpan in sub- 
soil; low fertility; frequent 
applications of water in 
small amounts required. 


High water-holding capacity ; 
slow intake rate; very slow 
to slow permeability; pock- 
ets in places. 


High water-holding capacity; 
medium to slow intake 
tate; poor natural drain- 
age. 


High water-holding capacity; 


medium intake rate; poor - 


natural drainage; 
depressional in places. 


Low water-holding capacity; 
rapid intake rate; low 
fertility; frequent applica- 
tions of water required. 


Very high water-holding 
capacity; rapid intake rate; 
poor natural drainage; 
organic soil. 


Medium water-holding 
capacity; medium intake 
rate; poor natural drainage. 


MICHIGAN 


Terraces and diversions 


Not needed. 


Short slopes; no other 
limiting features. 


Not needed 


Sandy material; little 
runoff. 


Not needed 


Generally not needed _ -- 


Generally not needed. ._ 


Not needed 


Not needed. 


Generally not needed_-- 
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Grassed waterways 


Wet sandy soil; low fertility; 
rapid infiltration; hazard of 
water erosion. 


High erodibility; low fertility 
and droughtiness make vege- 
tation difficult to establish in 
places, 


Low fertility; very droughty; 
high erodibility; sandy ma- 
terial that is difficult to con- 
struct with a plow; vegeta- 
tion difficult to establish. 


Sandy material; low fertility; 


droughty; high erodibility; 
vegetation hard to establish. 


Generally not needed. 


Wet sandy soil; cemented sub- 
soil; low fertility. 


Hapid runoff; wet fine-textured 
soil. 


Wet fine-textured soils. 


Generally not needed. 


Low fertility; droughty; high 
erodibility; sandy material 
that is difficult to work with 
a plow; vegetation difficult 
to establish. 


Not needed. 


Wet soil. 
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Soil series and map symbol ! 


Ubl yen [eae e 20s coo tek geet atc 
(Mapped only in complexes with the 


Belding, Menominee, and Nester inches; slow seepage below. 
series.) 
Woallate-cs o2ocs22 533020 50.34 we ents Very 


(Mapped only with the Kalkaska series.) seepage. 


Warners (Wa) --------------------------- Spa scneee 


Wind eroded land (We)_.----------------- 


1 Soil features were not listed for Blown-out land (BoB, BoE). 


raphs. The explanations are taken largely from the PCA 
Soil Primer (6). ; 

AASHO classification system—The AASHO system is 
based on the performance of soil material in the field. The 
soil material is classified on the basis of gradation, liquid 
limit, and plasticity index into seven principal groups. The 
groups range from A-1 consisting of gravelly soils that 
have high bearing strength and are the best soils for sub- 
grade, to A-7, consisting. of clayey soils that have low 
strength when wet and are the poorest soils for subgrade. 
Within each of the principal groups, the relative engineer- 
ing value of the soil material is indicated by the group 
index. Group indexes range from 0 for the best material 
to 20 for the poorest material. For the soils tested, the 
group indexes are shown in table 5 following the soil 
group symbol. The estimated AASHO classification of the 
soils in the county, without group indexes, is given in 
table 6. 

Unified classification system.—Some engineers prefer to 
use the Unified system. In this system soils are identified 
according to their texture, plasticity, and performance as 
construction material. Soil materials are identified as 
coarse grained (GW, GP, GM, GC, SW, SP, SM, SC), fine 
grained (ML, CL, OL, MH, CH, OH), and highly organic 
(Pt). The tested soils are classified according to the Uni- 
fied system in table 5. The classification for the soils that 
were not tested is estimated in table 6. 


Engineering test data 


Engineering test data for four series sampled from nine 
locations in Muskegon County are given in table 5. These 
data were obtained from tests performed in accordance 
with the standard procedures of the American Associa- 


Reservoir area 


Moderate to moderately slow permeability 
and seepage above a depth of 18 to 42 


rapid permeability; 


High water table; moderate permeability; 


Very rapid seepage; very sandy material; 
rapid or very rapid permeability. 


TABLE 8.—Engineering interpretations: Soil features 


Farm ponds 


Embankment 


Fair stability and compaction in subsoil; 
fair to good stability and compaction and 
slow seepage in substratum. 


Rapid seepage; fair stability and compaction; 
subject to piping; low volume change on 
wetting and drying. 


very rapid 


High water table; slow seepage; unstable 
organic material and marl. 


Rapid seepage; rapid or very rapid 


erme- 
ability; subject to piping, fair stability. 


tion of State Highway Officials, in the laboratories of the 
Bureau of Public Roads. 

The soil samples represented in table 5 were taken from 
selected horizons of the soils at representative sites, They 
do not represent the entire range of soil properties in the 
county, or even of those properties within the four series 
sampled. 

Both the AASHO and Unified classifications are listed 
in table 5. These classifications are based on data obtained 
by mechanical analyses and by tests to determine the liq- 
uid limit and plastic limit. The mechanical analyses were 
made by the combined sieve and hydrometer methods. Per- 
centages of silt and clay determined by the hydrometer 
method should not be used in naming textural classes for 
soil classification. The information is useful, however, in 
determining general engineering properties of the soils. 

The terms for texture used by soil scientists have differ- 
ent meanings to engineers. For example, clay to soil scien- 
tists refers to mineral grains less than 0.002 millimeter in 
diameter, but engineers frequently define clay as less than 
0.005 millimeter in diameter. These and other terms used 
by soil scientists are defined in the “Soil Survey Man- 
ual” (9). 

The-tests for liquid limit and plastic limit measure the 
effect of water on the consistency of the soil material. As 
the moisture content of a clayey soil increases from a very 
dry state, the material changes from a semisolid to a plas- 
tic state. As the moisture content is further increased, the 
material changes from the plastic state to a liquid state. 
The plastic limit is the moisture content at which the soil 
material passes from a semisolid to a plastic state. The 
liquid limit is the moisture content at which the material 
passes from a plastic to a liquid state. The plasticity index 
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affecting agricultural practices and structures—Continued 


Agricultural drainage 


Irrigation 
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Terraces and diversions Grassed waterways 


Not needed; good drainage.._......-.--- 


in places; side slopes 


places. 


used for farming. 


generally effective; shallow open ditches 
and control of water table most effective. 


layer. 


Not used for farming. _.._.....-...----- 


is the numerical difference between the liquid limit and the 
plastic limit. It indicates the range of moisture content 
within which the soil material is in a plastic condition. 


Engineering properties of soils 


Table 6 gives estimated physical and chemical data for 
each soil series. Following the series name are the symbols 
for all the soils within that series. Since many of the soils 
are mapped as complexes and undifferentiated units, their 
symbols are placed under more than one series. Following 
the first listing of a symbol for a complex or undifferenti- 
ated unit is a reference to the series to which the associated 
soil belongs. 

The estimates in this table are based on the actual test 
data in table 5, on a comparison of the untested soils with 
those that were sampled and tested, and on experience 
gained from working with and observing similar soils in 
other areas. 

In general, the information in table 6 applies to a depth 
of 5 feet or less. Depth from the surface is normally given 
only for the major horizons, but other horizons are listed 
if they have engineering properties significantly different 
from adjacent horizons. 

Also given in table 6 are the textural classification of the 
U.S. Department of Agriculture, estimates of the Unified 
classification, and estimates of the classification used by 
the American Association of State Highway Officials. The 
figures showing the percentages of material passing 
through sieves Nos. 4, 10, and 200 are rounded off to the 
nearest 5 percent. The percentage of material passing the 
No. 200 sieve approximates the combined amount of silt 
and clay in the soil. 

In the column showing permeability are estimates of the 


Medium water-holding 
capacity; medium intake 
rate; moderate to mod- 
erately slow permeability 
below a depth of 18 to 42 
inches; slopes are uneven 


develop seep spots in 


Not needed; good natural drainage; not | Not used for farming___ 


Very poor drainage; contains marl, tile not | High water-holding capacity; 
generally wet; medium 
intake rate; very slow 
permeability below surface 


Not used for farming -_- 


Short uneven slopes in 
many places; no other 
limitation. 


High erodibility. 


High erodibility; low fertility; 
droughty; cemented subsoil; 
resiauon difficult to estab- 
ish. 


Not needed. 


High erodibility; sandy material 
that is hard to work with a 
plow; vegetation difficult to 
establish. 


rate at which water moves downward through undisturbed. 
soil material. The estimates are based mainly on texture, 
structure, and consistence of the soils. 

Available water capacity, expressed in inches per inch 
of soil depth, refers to the approximate amount of capil- 
lary water in a soil when wet to field capacity. When the 
soil is at the wilting point of common crops, this amount 
of water will wet the soil to a depth of 1 inch without 
deeper penetration. 

Reaction as shown in table 6 is the estimated range in 
pH values for each major horizon of the soils as deter- 
mined in the field. It indicates the acidity or alkalinity of 
the soils. A pH of 7.0, for example, indicates a neutral soil; 
a lower pH indicates acidity, and a higher value indicates 
alkalinity. 

Shrink-swell potential refers to the change in volume 
of the soil that results from a change in moisture content. 
The estimates are based mainly on the amount and kind of 
clay in the soil, 

Engineering interpretations 

Engineering interpretations in this survey are given in 
tables 7 and 8. The data in these tables apply to the repre- 
sentative profile described for the soil series in the section 
“Descriptions of the Soils.” 

Table 7 gives the suitability of the soils as a source of 
topsoil, sand, gravel, road fill, and impermeable material 
and lists features that affect the use of soils in highways, 
winter grading, and foundations for low buildings. Also 
given in table 7 are ratings for the corrosive potential for 
conduits. 

The ratings for suitability as a source of topsoil were 
based largely on texture and content of organic matter. 
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Topsoil is material, preferably material rich in organic 
matter, that is used to topdress back slopes, embankments, 
lawns, gardens, and the like. Unless otherwise indicated, 
only the surface layer was considered in making these 
ratings. 

Ratings of suitability as a source of sand and gravel 
apply only to material within a depth of 5 feet. Some soils 
that are rated “not suited” in table 7 have sand and gravel 
at a depth of 5 feet or more. In these places the avail- 
ability of the sand and gravel can be determined by dig- 
ging test pits. 

Ratings of the suitability of the soil for road fill are 
based on performance of soil material used as borrow for 
subgrade. Both the subsoil and substratum are rated if 
they have contrasting characteristics. The most suitable 
material is sand ; the least suitable is clay. 

In table 7 the ratings of suitability of the soils as a 
source of impermeable material are based on the perme- 
ability of soil material when compacted. Permeability 
affects uses of soil material as linings for reservoirs and 
sewage lagoons and as fill for embankments. 

Also listed in table 7 are soil features affecting locations 
for highways. The soil features considered were those that 
affect the overall performance of the soil, such as a high 
water table or steep slopes. The entire soil profile, undis- 
turbed and without artificial drainage, was evaluated. 
Additional information can be obtained from the State 
Highway Department of Michigan, which has rated the 
major soil series in the State for their suitability for high- 
way construction. This information is in the “Field Man- 
ual of Soil Engineering” (4). 

Among the soil features that affect winter grading are 
those that, in winter, affect the crossing of areas of soil 
and the handling of soil material with ordinary construc- 


tion equipment. .Important features are texture, natura] 


content of water, and depth to water table. 

The features named as affecting the foundations of low 
buildings (not more than three stories) are those of the 
substratum because the substratum is generally the base 
of foundations. Important features are susceptibility to 
frost heaving, bearing capacity, and shrink-swell poten- 
tial. Engineers and others should not apply specific values 
to the estimates given for bearing capacity of soils. 

In the last. column of table 7, the soils are rated. accord- 
ing to the degree that. they encourage the corrosion of 
conduits laid m them. Ratings are given for metal con- 
duits and concrete conduits. The texture and natural 
drainage of a soil affect this potential through their influ- 
ence on aeration, content of water, and movement of water. 
The pH of the soil also may be important. 

In table 8 are listed features that affect the use of soils 
for farm ponds, agricultural drainage, irrigation, ter- 
races and diversions, and grassed waterways. 

The seepage rate of undisturbed soil material is the 
most important feature affecting the reservoir area of a 
farm pond (fig. 9). Features affecting embankments are 
compaction properties, stability, permeability, seepage, 
and the piping hazard. 

Tested under agricultural drainage are features that 
affect the. installation and performance of surface and 
subsurface drainage systems. Such features are texture, 
permeability, topography, restricting layers, and depth 
to water table. 


The major features affecting suitability for irrigation 
are water-holding capacity and rate of water intake. Also 
important are depth to the water table, topography, and 
depth to soil material that restricts root: growth. 

Important features that affect the layout and construc- 
tion of terraces and diversions are topography, texture of 
the th material, and depth to material that restricts root 
growth, 

The success of grassed waterways depends on soil fea- 
tures that affect the construction and maintenance of the 
waterways and the growth of plants in them. Important 
features are fertility, water-holding capacity, and sus- 
ceptibility to erosion. 


Use of Soils in Community Developments * 


The information in this subsection can be useful to 
many groups in the community, including planners, de- 
velopers, builders, contractors, real estate brokers, en- 
gineers, public health officials, and school boards. If the 
soil map at the back of the survey is properly interpreted, 
it is helpful in locating soils suitable for residential and 
industrial areas; streets, highways, and material for road 
building; parks and other recreational areas; schools; 
cemeteries; and other uses. 

Additional information helpful in developing commu- 
nities is also provided in the subsection “Engineering 
Uses of the Soils.” In that subsection are listed soil fea- 
tures that affect the suitability of soils for foundations, 
highways, road fill, winter grading, and artificial drain- 
age. The engineering subsection differs from this subsec- 
tion on community development mainly in that it lists 
the soil features affecting engineering. This subsection 
rates the degree of soil limitations for specified uses in 
community development, 

The selection of areas for community development de- 
pends on the suitability of soils as sites for the structures 
and other facilities that are to be built. In table 9 the limi- 
tations of groups of soils used for specified purposes in 
community development are rated, and soil features that 
affect these uses are given. Listed for each group are the 
map symbols for the soils in the group. 

The limitations of each group of soils are rated slight, 
moderate, severe, or very severe. A rating of slight means 
that the soil has few or no limitations for the use spec- 
ified or that the limitations can be easily overcome. A 
rating of moderate indicates that some planning and en- 
gineering practices are needed to overcome the limitations. 
A rating of severe indicates that the soil is poorly suited 
to the use specified and that intensive engineering prac- 
tices are needed to overcome the limitations, A rating of 
very severe indicates that the soil is very poorly suited to 
the use specified and that practices to overcome the limi- 


.tations may not be economically feasible. These ratings 


apply toa depth of 5 feet or less. 

The ratings in table 9 are for residential developments 
with public sewers, filter fields for septic tanks, buildings 
for commerce and light industry, and trafficways. Some 
explanation is required. 

Fesidential developments with public sewers—The 
ratings in this column of table 9 apply to residences of 


*By Bruce G. Watson, soil scientist, Soil Conservation Service. 
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Figure 9—A farm pond constructed on Nester soils. 


three stories or Jess that, have basements and are served 
by a public sewerage system. The major properties import- 
ant in evaluating the soils for this use are wetness, hazard 
of flooding, slope, volume change on wetting and drying, 
hazard of erosion, suitability for growing lawns and 
shrubs, and bearing capacity. Engineers and others should 
not apply specific values to the estimates for bearing capa- 
city of soils. 

Filter fields for septic tanks—Important properties 
that affect the use of soils for filter fields for septic tanks 
are depth to the water table, hazard of flooding, slope, and 
permeability, or rate of percolation. 

Buildings for commerce and light industry.—The rat- 
ings in this column apply to stores, offices, and small fac- 
tories that are not more than three stories high and that 
have public or community facilities for sewage disposal. 
Important soil features are wetness, slope, hazard of ero- 
sion, volume change on wetting and drying, and bearing 
capacity. Specific values should not be applied to the esti- 
mates given for bearing capacity. 

Trafficways.—The ratings in this column apply to streets 
and highways within or adjacent to residential and indus- 
trial developments. Features considered in rating the soils 


are frost heaving, ease of excavating and grading, seepage, 
and slope, 


Limitations to use of soils in community developments 


Community developments on the Hettinger, Roscom- 
mon, and similar soils are limited mainly by poor drainage 
and a high water table. In these soils basements are diffi- 
cult to keep dry, and disposal fields for septic tanks do not 
function well. Fills are needed for raising the grade of 
streets and highways above the water table. 

Soils that have a high content of clay, such as the Kent, 
Selkirk, and Pickford, shrink and swell excessively on 
wetting and drying. Foundations in these soils. are likely 
to erack and shift. Streets and highways are subject to 
frost heaving, and they crack readily. Disposal fields for 
septic tanks become saturated because percolation is slow. 
Construction of any kind is difficult on these soils when 
they are wet. 

Strongly sloping and steep soils are subject to severe 
erosion where intensive construction is attempted. For 
example, steep areas of the Nester, Ubly, and Montcalm 
soils erode readily. Gullies form readily and are difficult 
to control. Soil blowing is likely in areas of Rubicon, 
Rousseau, and other sandy soils. 
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Community development 
groups 


Group 1 (KtE, NeB, NeC, 
NrC, NsD, NsD3, NsE, 
Ns&3, NtB, NuB). 

(For limitations of the 
Kawkawlin soil in map- 
ping unit NtB, refer to 


group 4; and of Ubly soil 


in mapping unit NuB, 
refer to group 2.) 


Group 2 (BbB, MeB, MeC, 
NuB). 


Group 3 (BoB, BoE, CmB, 
CmC, CnD CnE, CrB, DpE, 
Du, GrC, GrD, GrE, KaB, 
La, MhB, RoB, RsB, RsD, 
RtB, RtC, Sp, We). 

(For limitations of the Au 
Gres soil in mapping unit 
CrB, refer to group 6.) 


Group 4 (KkA, KkB, KsA, 
KsB, NtB). 


Group 5 (BaB, OgB)_.------- 


Group 6 (AsB, CrB, Ra)_._.--- 
(For limitations of the 
Roscommon soil in 
mapping unit Ra, refer 
to group 9.) 


Group 7 (Hp, Sa, Sm)-------- 


Group 8 (Ds, So, Td)--.------ 


See footnote at end of table. 
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TABLE 9.—Limitations of soils for residential and 


Degree of limitation and soil features affecting use for— 


Residential developments ' with public sewers 


Filter fields for septic tanks 


Limitations: Slight on slopes of 0 to 6 percent; 
moderate on slopes of 6 to 12 percent; and severe 
on slopes of 12 to 45 percent. ; 

Features: Wet depressions on slopes of 0 to 6 
percent; moderate to high volume change on 
wetting and drying; fair to poor bearing capacity; 
severe erosion on steeper slopes; steeper slopes 
hinder construction and layout of utilities. 


Limitations: Slight on slopes of 0 to 6 percent; 
moderate on slopes of 6 to 12 percent; and severe 
on slopes of 12 to 25 percent. 
Features: Moderate to high volume change on 
wetting and drying; fair to poor bearing capacity; 
severe erosion on steeper slopes; steep slopes 
hinder layout and construction of _ utilities; 
small wet depressions on slopes of 0 to 6 percent. 


Limitations: Slight on ‘slopes of 0 to 6 percent; 
moderate on slopes of 6 to 12 percent; and severe 
on slopes of 12 to 45 percent. 

Features: Susceptibility to wind erosion; droughty; 
difficult to establish and maintain lawns; frequent 
watering required; stable material for roadbeds 
and foundations; steep slopes hinder layout and 
construction of utilities. 


Limitation: Severe. 

Features: Seasonal high watcr table; subject to 
ponding; fair to poor material for foundations; 
moderate to high volume change on wetting and 
drying; fair to poor bearing capacity; poor for 
roadbeds; subject to frost heaving; construction 
difficult when wet. 


Limitation: Severe. 

Features: Seasonal high water table; subject to 
ponding; fair to poor material for foundations; 
moderate to high volume change; fair to poor 
bearing capacity in substratum. 


Limitation: Moderate. 

Features: Seasonal high water table; difficult to 
obtain dry basements; areas subject to ponding 
are severely limited; good material for founda- 
tions; low volume change; fair to good bearing 


capacity. 
Limitation: Severe. 
Features: High water table; subject to ponding; 


difficult to obtain dry basements; moderately to 
severely limited for foundations; moderate to high 
volume change; fair to poor bearing capacity. 


Limitation: Severe. 

Features: High water table; subject to ponding; 
moderately limited for foundations; poor bearing 
capacity when wet; difficult to obtain dry base- 
ments; subject to frost heaving. 


Limitation: Severe. 


Features: Moderately slow to slow perme- 
ability; layout and construction is difficult 
on slopes over 10 percent. 


Limitations: Severe. 


Features: 
loamy substratum; layout and construction is 
difficult on slopes over 10 percent; effluent 
seeps out on side slopes; areas where the 
sandy material is 42 inches deep or more are 
only moderately limited. 


Moderately slow permeability in . 


Limitations: Slight on slopes of 0 to 6 percent; 
moderate on slopes of 6 to 12 percent; severe 
on slopes of 12 to 45 percent slopes. 

Features: Favorable percolation rate; possible 
contamination of nearby water supplies. 


Limitation: Severe. : 
Features: Seasonal high water table; subject 
to ponding; moderately slow to slow perme- 


ability. 


Limitation: Severe. 
Features: Seasonal high water table; moderately 
slow permeability; subject to ponding. 


Limitation: Severe. 
Features: High water table; subject to ponding. 


Limitation: Severe. 
Features: High water table; moderately slow 
to slow permeability; subject to ponding. 


Limitation: Severe. 
Features: High water table; inoperative during 
wet periods. 
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industrial development, and related nonfarm uses 


Degree of limitation and soil features 


Buildings for commerce and light industry ? 


Limitations: Slight on slopes of 0 to 6 percent; moderate on slopes 
of 6 to 12 percent; and severe on slopes of 12 to 45 percent. 


Features: Wet depressions on slopes of 0 to 6 percent; moderately to 
severely limited for foundations; moderate to high volume change; 
fair to poor bearing capacity; severe erosion on steeper slopes; grading 
and land shaping required in sloping and steep areas. 


Limitations: Slight on slopes of 0 to 6 percent; moderate on slopes of 
6 to 12 percent; and severe on slopes of 12 to 25 percent. 


Features: Wet depressions on slopes of 0 to 6 percent; moderately 
limited for foundations; moderate to high volume change; fair to 
poor bearing capacity; severe crosion on steeper slopes; grading and 
land shaping required in sloping and steep areas. 


Limitations: Slight on slopes of 0 to 6 percent; moderate on slopes of 
6 to 12 percent; and severe on slopes of 12 to 45 percent. 


Features: Susceptibility to wind erosion; good foundation material; 
low volume change; good bearing capacity; grading and land shaping 
required in sloping and steep areas. 


Limitation: Moderate. 

Features: Seasonal high water table; fair to poor material for founda- 
tions; moderate to high volume change; fair to poor bearing capacity; 
subject to frost heaving; construction difficult when wet; minimum 
of cuts and fills needed. 


Limitation: Moderate. 

Features: Seasonal high water table; fair to poor material for founda~- 
tions; moderate to high volume change; fair to poor bearing capacity 
-in substratum; minimum of cuts and fills needed. 


Limitation: Moderate. 

Features: Seasonal high water table; good material for foundations; low 
volume change; fair to good bearing capacity; minimum of cuts and 
fills required. 


Limitation: Severe. 

Features: High water table; subject to ponding; moderately to severely 
limited for foundations; moderate to high volume change; fair to poor 
bearing capacity; minimum of land shaping and grading; fill required 
to raise grade above water table; poor for excavating and grading 
during winter and wet periods. 


Limitation: Severe. 

Features: High water table; subject to ponding; moderately limited 
for foundations; poor bearing capacity when wet; subject to frost 
heaving; fill required to raise grade above water table; poor for exca- 
vating and grading during winter and wet periods. 
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affecting use for-—Continued 


Trafficways 


Limitations: Slight on slopes of 0 to 6 percent; moderate on 
slopes of 6 to 12 percent; and severe on slopes of 12 to 45 
percent. 

Features: Fair to poor bearing capacity; subject to frost 
heaving; seep spots in some areas; cuts and fills needed in 
sloping to steep areas; sloping areas subject to erosion. 


Limitations: Slight on slopes of 0 to 6 percent; moderate on 
slopes of 6 to 12 percent; and severe on slopes of 12 to 25 
percent. 

Features: Substratum has fair to poor bearing capacity and 
is’subject to frost heaving; seep spots in some areas; cuts 
and fills needed in sloping to steep areas; severe erosion in 
steeper areas. 


Limitations: Slight on slopes of 0 to 6 percent; moderate on 
slopes of 6 to 12 percent; and severe on slopes of 12 to 45 
percent. 

Features: Good bearing capacity; good material for subbase 
and subgrade; cuts and fills needed in sloping to steep areas; 
severe erosion in steeper areas. 


Limitation: Severe. 

Features: Seasonal high water table; fair to poor bearing 
capacity; poor material for subgrade; subject to frost heav- 
ing; fill required in some areas to raise grade above water 
table; excavating and grading are severely limited during 
winter and wet periods. 


Limitation: Moderate. 

Features: Seasonal high water table; material above 18 to 
42 inches has good bearing capacity and is only slightly 
limited for subgrade; substratum is of severely limited use 
for subgrade; fill required in some areas to raise grade above 
water table. 


Limitation: Moderate. 

Features: Seasonal high water table; fair to good bearing 
capacity; good material for subgrade; fill required in low 
areas to raise grade above water table; sandy material is 
unstable and flows when wet. 


Limitation: Severe. 

Features: High water table; subject to ponding and flooding; 
wetness hinders construction; subject to frost heaving; fair 
to poor bearing capacity; poorly adapted for subgrade; fill 
needed to raise grade above water table; poor for excavating 
and grading during winter and wet periods. 


Limitation: Severe. 

Features: High water table; subject to ponding; subject to 
frost heaving; material is unstable and flows when wet; fill 
needed to raise grade above water table; construction and 
grading difficult during winter and wet periods. 
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Community development 
groups 


TABLE 9.—Limitations of soils for residential and industrial 


Degree of limitation and soil features affecting use for— 


Residential developments ! with public sewers 


Filter fields for septic tanks 


Limitation: Severe. 


Group 9 (Ga, Ra)--._-------- 
Features: 


ments difficult to obtain. 


Limitation: 
Features: 


Group,10 (Ht, Ku, Ma, Te, Very severe. 
Wa). 


pressibility; 


1 Based on lots of 1 acre or less. 


The Rubicon, Deer Park, Grayling, Wallace, and other 
sandy soils are well suited as sites for buildings, streets, 
and highways, but nearby water supplies may be con- 
taminated if these soils are used for septic tank disposal 
fields. On these sandy soils lawns are difficult to establish, 
and they require frequent applications of water and ferti- 
lizer after they are established. During construction, soil 
blowing and water erosion are hazards in sloping areas. 

The organic soils, Carlisle and Houghton, have a high 
water table and-are subject to ponding. The organic mate- 
rial does not support buildings, roads, or other structures, 
It has a low bearing capacity and shrinks greatly when 
it is compressed. All organic material must be removed 
before construction. 

The Saranac, Sloan, and Kerston soils are subject to 
flooding and have severe limitations for use in community 
developments unless they are protected from this hazard. 
These soils are suited to recreational or other uses that are 
not affected by flooding. 


Formation and Classification of Soils’ 


This section tells how the factors of soil formation have 
affected the development of soils in Muskegon County. It 
also defines the classes in the current system of classifica- 
tion and, in a table, places each soil series of the county in 
its family, subgroup, and order of that system, and in its 
great soil group of the older system. More information 
about the soils, as well as a profile representative of each 
soil series, is given in the section “Descriptions of the 
Soils.” 


Factors of Soil Formation 


Soil is formed by weathering and other processes that 
act on parent material. The characteristics of the soil at 
any given point depend on (1) parent material, (2) cli- 
mate, (3) plant and animal life, (4) relief and drainage, 
and (5) time, or age. 

The factors of soil formation are so closely interrelated 
in their effects that few generalizations can be made about 


* By QO. GC. Rogers, soil correlator, Soil Conservation Service. 


High water table; subject to ponding; 
slight limitations for foundations; but dry base- 


High water table; unstable organic ma- 
terial with low bearing capacity and high com- 
severely limited for foundations; 
organic material must be removed before construc- 
tion; subject to ponding and flooding. 


Limitation: Severe. 
Features: High water table; inoperative during 
wet periods. 


Limitation: 
Features: 
material. 


Very severe. 
High water table; unstable organic 


one factor unless conditions are specified for the other 
four factors. Each factor and its effect on the formation of 
the soils in this county are discussed in the following 
paragraphs. 

Parent material—-The parent material of the soils in 
Muskegon County is largely of glacial origin because the 
county was covered by ice during the late Wisconsin age. 
This glacial material consisted of boulders, stones, gravel, 
sand, silt, and clay. Because these deposits were several 
feet thick, the underlying bedrock did not directly affect 
the development of soils.’ 

As the glacial ice melted, large flows of melt water 
carved out valleys and deposited fairly uniformly. sorted 
material in basins or along drainageways. Today this 
material is in the form of outwash plains: and. terraces, 
valley trains, and old lakebed plains. The lake or lakes 
from which Lake Michigan formed were. larger than the 
present lake .and covered.an extensive area in the western 
part of the State. After the water receded to the present 
level of Lake Michigan, a large lake plain made up of strat- 
ified material was exposed. This plain was altered by inten- 
sive geologic erosion by wind and water and by the subse- 
quent deposition of eroded materials, Erosion continued 
until protective vegetation stabilized the land:surface. The 
upper 5 feet of the stabilized glacial material, in which 
some of the soils formed, is uniform in texture and differs 
mainly in mineral composition. 

In places other than the lake plain, the soils developed 
in a highly heterogeneous mixture of varying proportions 
of gravel, sand, silt, and clay. This mixture ranged from 
strongly acid to neutral or was calcareous. These widely 
different mixtures occur as strata of varying thickness, as 
small separate bodies, as long narrow strips, or in areas 
of the broad outwash plains where fairly uniform layers 
are stratified. Because the glacial deposits and the relief 
vary widely, many different kinds. of soils occur within 
relatively short distances. 

Climate.—The soils of Muskegon County formed in a 
cool, moist climate that was influenced by Lake Michigan. 
Winters are long and cool, and summers are warm. The 
average annual precipitation is about 29 inches. Precipi- 
tation falls in about equal amounts in each season, but 
slightly more in summer. Areas adjacent to Lake Michi- 
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development, and related nonfarm uses—Continued 


Limitation: Severe. 
Features: 


excavated. 


Limitation: 


Very severe. 
Features: 


fill is placed; fill required to raise grade above water table. 


2 Ratings are for buildings of three stories or less. 


gan and eastward for a few miles receive somewhat more 
precipitation, especially snowfall, than other parts of the 
county. These differences, however, are slight and have 
not caused significant differences among the soils. 

Plant and animal life—The native vegetation in this 
county, as elsewhere, was affected -by the nature of the soil, 
and the soil, in turn, was influenced by the vegetation it 
supported. The characteristics of the organic matter in 
the surface layers are directly related to the vegetation. 
The kind of vegetation affected not only the nature of 
the organic matter that accumulated on the surface, but 
also the depth and color of the leached mineral layer 
directly beneath the organic matter. 

Except for areas of marsh and small areas of tall prairie 
grasses, Muskegon County was originally covered by for- 
est. Dense stands of northern hardwoods and some coni- 
fers grew on the more fertile, moderately fine textured 
to moderately coarse textured, well-drained soils. Mixed 
hardwoods and white pine grew on the moderately coarse 
textured to coarse textured, well-drained soils. Some of 
the coarse-textured, well-drained soils supported pine and 
oak. 

fetief and drainage—Natural drainage is largely de- 
termined by relief, or the irregularities of ‘the land sur- 
face. In different relief, and therefore under different 
conditions of drainage, different kinds of mineral soils 
formed from the same kind of parent material. Organic 
soils, the peats and mucks, formed in low-lying, poorly 
drained areas. In these areas more than a foot of organic 
material has accumulated over the mineral material. 

Time, or age.—After the glaciers melted, the processes 
of soil formation began to alter the glacial material, and 
at the same time the material was reworked by streams 
and lakes. As a result, many different kinds of soils devel- 
oped in the county. In some of the mineral soils, well- 
defined horizons have formed, but in recent lake deposits, 
eolian deposits, or alluvium, the soils are weakly developed 
and are much like the material from which they formed. 
In very poorly drained areas, organic soils formed and 
have a thick accumulation of organic material over 
mineral material. 
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Degree of limitation and soil features affecting use for—Continued 


Buildings for commerce and light industry ? 


High water table; subject to ponding; slightly limited for 
foundations; low volume change; fair to good bearing capacity; fills 
required to obtain grade levels above the water table; material easily 


High water table; subject to flooding and ponding; very 
severely limited for foundations; low bearing capacity and high com- 
pressibility; unstable organic material that must be excavated before 


Trafficways 


Limitation: Severe. 

Features: High water table; subject to ponding; unstable 
material flows when wet; fill needed to raise grade above 
water table; construction and grading difficult during winter 
and wet periods. 


Limitation: Very severe. 

Features: High water table; unstable organic material 
that must be removed before fill is placed; low bearing 
capacity and high compressibility; fill required to raise 
grade above water table. 


Classification of Soils 


Soils are classified so that we can more easily remember 
their significant characteristics. Classification enables us to 
aeeninbley kui glade about the soils, to see their relation- 
ships to one another and to the whole environment, and 
to develop principles that help us to understand their 
behavior and their response to manipulation. First, 
through classification and then through use of soil maps, 
we can apply our knowledge-of soils to specific fields and 
other tracts of land. 

Thus, in classification, soils are placed in narrow cate- 
gories that are.used in detailed soil surveys, so that know}- 
edge about the soils can be organized and applied in 
managing farms, fields, and woodlands; in developing 
rural areas; in engineering work; and in many other ways. 
They are placed in broad classes to facilitate study and 
comparison in large areas, such as countries and con- 
tinents. 

Two systems of classifying soils have been used in the 
United States in recent years. The older system was 
adopted in 1938 (#) and later revised (8). The system cur- 
rently used was adopted for general use by the National 
Cooperative Soil Survey in 1965. The current system 
is under continual study. Therefore, readers interested 
in developments of this system should search the latest 
literature available (7, 70). The soil series of Muskegon 
County are placed in the current system in table 10. The 
classes in the current system are briefly defined in the 
following paragraphs. 

Orver: Ten soil orders are recognized in the current 
system. They are Entisols, Vertisols, Inceptisols, Aridisols, 
Mollisols, Spodosols, Alfisols, Ultisols, Oxisols, and Histo- 
sols. The properties used to differentiate the soil orders 
are those that tend to give broad climatic groupings of 
soils. Two exceptions, Entisols and Histosols, occur in 
many different climates. The soil orders represented in 
Muskegon County are Alfisols, Entisols, Inceptisols, 
Histosols, Mollisols, and Spodosols. 

Susorper: Each order is subdivided into suborders, 
primarily on the basis of those soil characteristics that 
seem to produce classes having the greatest genetic simi- 
larity. The suborders narrow the broad climatic range 
permitted in the orders. The soil properties used to sepa- 
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TABLE 10.—Classification of soil series according to the current system and 1938 system 


Series 


Current system ! 


1938 system 


Great soil group 


Allendale___.-__--- Sandy over clayey, mixed, Aqualfic Haplorthods-_--_-__.--- Spodosols__._ | Podzols. 
frigid. 
Au Gres__.------- Sandy, mixed, frigid_._______. Entic Haplaquods_______.___- Spodosols_... | Podzols. 
Belding. -..------- Coarse, loamy, mixed, frigid___ | Alfic Haplaquods_-_--_-.--_-- Spodosols_.._ | Podzols intergrading toward 
-  Gray-Wooded soils. 
@arlisle?: 2-23. 20sec be solosencs sebpe eet eee, ee owe Sheets ec eet Histosols_... | Bog (Organic) soils. 
Chelsea 3_.._------ Sandy, mixed, mesic______-_-- Alfic Udipsamments_____---_- Entisols_____ Gray-Brown Podzolic inter- 
grading toward Regosols. 
Croswell..__--_--- Sandy, mixed, frigid__..____-- Entis Haplorthods_-_..-....-.- Spodosols__.. | Podzols. 
Deer Park....._... | Sandy, mixed, frigid. __--___-- Spodic Udipsamments_________ Entisols_____ Brown Podzolic soils. 
Deford__.____---- Sandy, mixed, frigid_._._.--_- Typic Psammaquents_--_---_--- Entisols_ ___- Humic Gley soils. 
Granby... ..------- Sandy, mixed, noncalcareous, Typic Haplaquolis..........-- Mollisols._._ | Humic Gley soils. 
mesic. 
Grayling___--.---- Sandy, mixed, frigid_-__.__.-_- Typic Udipsamments-_--__._.-- Entisols_____ Brown Podzolic soils. 
Hettinger. _.-__._- Eine pany, mixed, nonacid, Mollic Haplaquepts__..._.___- Inceptisols... | Humic Gley soils. 
frigid. 
Houghton *....____ | ---- . sogthesetstcepercouselo: |oseel sot oh ese nee ek Histosols__.. | Bog (Organic) soils. 
Kalkaska__.___-_- Sandy, mixed, frigid........... Typic Haplorthods___.._____- Spodosols.__. | Podzols. 
Kawkawlin..___.-- Fine, mixed, frigid_________-_- Aquic Eutroboralfs___________ fisols______ Gray Wooded soils. 
Kent._------____- Fine, illitic, frigid-___...__---- Typic Eutroboralfs_.___---_-- Alfisols_..__- Gray Wooded soils. 
Kerston 222.3..20.250!l| “oc ecescochoutseuecseteseein) || Magevews es icoe che ueueeewes Histosols..__ | Alluvial soils intergrading 
toward Bog (Organic) 
soils. 
Mancelona---_---- Sandy, mixed, frigid__.-.----- Alfic Haplorthods___-_......_. Spodosols_.._ | Podzols. 
Menominee. -.-_--- Sandy over loamy, mixed, Alfic Haplorthods_--_-___----- Spodosols_.___ | Podzols. 
frigid. 
Montcalm__._____- ; Sandy, mixed, frigid. ___-__-_- Alfic Haplorthods.--___-_---- Spodosols.... | Podzol sequum over Gray 
Wooded sequum. 
Nester_.___..----- Fine, mixed, frigid.......----- Typie Eutroboralfs__-..._.._- Alfisols______ Gray Wooded soils. 
Ogemaw.___-__--- Sandy over loamy, mixed, Aquic Haplorthods_-.--_-_---. Spodosols.... | Ground Water Podzols. 
frigid, ortstein. 
Pickford... __._-__- Very-fine, illitic, nonacid, frigid. | Aeric Haplaquepts..-._____~_- Inceptisols... | Humic Gley soils. 
Roscommon. -_.-.... Sandy, mixed, frigid_.___-___- Mollic Psammaquents_-_-_-.-- Entisols..... Low-Humic Gley soils. 
Rousseau. --______ Sandy, mixed, frigid. ___------ Entic Haplorthods____....____ Spodosols..__ | Podzols. 
Rubicon ?____._.__ Sandy, mixed, frigid_-___--_-__ Entic Haplorthods__-___-- ana Spodosols_... | Podzols. 
Saugatuck Sandy, mixed, mesic, ortstein._ | Aeric Haplaquods______.__-_- Spodosols.... | Ground Water Podzols. 
Saranac 3.________- Fine, mixed, noncaleareous, Fluventic Haplaquolis_______._ Mollisols.._. | Humic Gley intergrading 
mesic. ; toward Alluvial soils. 
Selkirk_-.._._..-_- Fine, illitic, frigid-__..._._____ Aquic Eutroboralfs___.--_.._- Alfisols______ Gray Wooded soils. 
Sims__..-_._ 2222 . Fine, mixed, nonacid, frigid____ | Mollie Haplaquepts___________ Inceptisols___| Humic Gley soils. 
Sloan 3_.__.___---- Fine-loamy, mixed, non- Fluventic Haplaquolls_-_--__.. Mollisols____ | Alluvial soils. 
calcareous, mesic. 
Sparta_.___._---.- Sandy, mixed, mesic_-__------ Entic Hapludolls____--__-_--- Mollisols____ | Brunizems intergrading toward 
Brown Podzolic soils. 
STaWas sre cou tel ecto ee es ee, | We et le ee a cd ich ele Histosols._.. | Bog (Organic) soils. 
Tonkey.....------ Coarse-loamy, mixed, nonacid, | Mollic Haplaquepts__.-.__.___- Inceptisols.._ | Humie Gley soils. 
frigid. 
Ublycecatwcstven’ Coarse-loamy, mixed, frigid____ | Alfic Haplorthods______..___- Spodosols.._. | Podzol sequum over Gray 
Wooded sequum. 
Wallace____.____-- Sandy, mixed, frigid, ortstein_. | Typic Haplorthods_.._______- Spodosols_... | Podzols. 
Warners-_----.-.-- Loamy-carbonatic, calcareous, | Histic Humaquepts-____--.---- Inceptisols.__ | Regosols. 
mesic. 


1Placement of some soil series in the current system of classifica- 
tion, particularly in families, may change as more precise informa- 
tion becomes available. 

2 Development of families and subgroups, within the order of 
Histosols has not been completed. 


rate suborders mainly reflect either the presence or absence 
of waterlogging or soil differences resulting from the 
climate or vegetation. 

Great Group: Soil suborders are separated into great 
groups on basis of uniformity in the kinds of major soil 
horizons in sequence of these horizons, and in character- 
istics these horizons possess. The horizons used to make 
separations into great groups are those in which clay, iron, 
or humus have accumulated or those that have pans inter- 
ferring with growth of roots or movement of water. 


3 In material published by the Michigan Agricultural Experiment 
Station, the loamy substratum phase of the Rubicon series is listed 
as part of the Melita series. Also, Chelsea is shown as Graycalm, 
Saranac as Gormer, and Sloan as Pinora. 


Among the characteristics considered are the self- 
mulching properties of clays, soil temperature, and major 
differences in chemical composition (mainly calcium, 
magnesium, sodium, and potassium). The great group is 
not shown separately in table 10, because it is the last 
word in the name of the subgroup. 

Suscrovr: Great groups are subdivided into sub- 
groups, one representing the central (typic) segment of 
the group, and others, called intergrades, that have prop- 
erties of one great group and also one or more properties 
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of another great group, suborder, or order. Subgroups 
may also be made in those instances where soil properties 
intergrade outside of the range of any other great group, 
suborder, or order. 

Famity: Families are separated within a subgroup 
primarily on the basis of properties important to the 
growth of plants or behavior of soils used for engineer- 
ing. Among the properties considered are texture, miner- 
alogy, reaction, soil temperature, permeability, thickness 
of horizons, and consistence. 

Series: As explained in the section “How This Survey 
Was Made”, the series is a group of soils that have major 
horizons that, except for texture of the surface layer, are 
similar in important characteristics and arrangement in 
the profile. New soil series must be established and con- 
cepts of some established series, especially older ones that 
have been used little in recent years, must. be revised in the 
course of the soil survey program across the country. A 
proposed new series has tentative status until review of 
the series concept at State, regional, and national levels of 
responsibility for soil classification results in a judgment 
that new series should be established. Most of the soil series 
described in this publication have been established earlier. 


General Nature of the County 


In this section the climate, physiography and drainage, 
water supply, settlement and population, and industry 
and transportation are discussed. Also discussed are the 
more outstanding features of agriculture. The statistics 
given are from reports published by the U.S. Bureau of 
the Census and the U.S. Weather Bureau. 


Climate 


Muskegon County has a quasimarine or continental cli- 
mate, Because the county borders Lake Michigan and pre- 
vailing winds are westerly, much of the time the air reach- 
ing the county has passed over a large amount of water. 
When the wind changes, however, and is from the south- 
east or east, the air moves over a large amount of land 
and the climate changes to continental. Because of the pre- 
vailing westerlies, the influence of the lake is strong. Win- 
ters are milder, summers are cooler, and snowfall is greater 
than they would be if the lake were not there. 

_Inspring the waters from Lake Michigan cool the warm 
air that reaches the area. Growth of plants is therefore de- 
layed until frost is no longer likely. In fall the lake waters, 
still warm from the summer sun, warm the cool air moving 
into the area and delay the first frost. Plants therefore 
have time to mature. Sharp contrasts in temperature oc- 
cur as the air is warmed by contact with the warm water. 
This causes heavy snow storms and squalls that are of 
greatest intensity near the lake. 

Table 11 gives data on temperature and precipitation at 
Muskegon, near Lake Michigan, in the western part of the 
county and at Grand Rapids in Kent County. Grand 
Rapids is used for comparison because there is no weather 
station in the eastern part of Muskegon County and be- 
cause the climate at Grand Rapids is considered represent- 
ative of the eastern part of Muskegon. 


*Donatp Heakt, director of the Muskegon Cooperative Extension 
Service, assisted in writing this section. 


The highest temperature ever recorded at Muskegon was 
97° in June 1958, and the lowest was —14° in November 
1950. At Grand Rapids, the highest temperature of record 
was 102° in June 1953, and the lowest was —22° in 
January 1951. 

The influence of Lake Michigan on temperature is 
shown by the higher maximum and minimum tempera- 
tures in January at Muskegon, as compared to those at 
Grand Rapids. Also, temperatures in April and May are 
lower at Muskegon. The latest freezing temperature ever 
recorded at Muskegon was on May 20, and that at Grand 
Rapids was on May 27. In fall the average date of the first 
32° temperature 1s October 19 at Muskegon and October 
6 at Grand Rapids. The probabilities of the last freezing 
temperature in spring and the first in fall at Muskegon 
and Grand Rapids are given in table 12. 

Average annual snowfall in Muskegon County is 74 
inches, as compared to about 40 inches in central and east- 
central parts of the Lower Peninsula. This heavy snowfall 
is a direct result of the influence of Lake Michigan. 

The moderating influence of Lake Michigan has a pro- 
nounced effect on farming in the county. Because spring 
days are cooler near the lake, the dormancy of fruit trees 
is not broken early in spring and the buds do not open 
until the danger of frost is past. Frost does not occur 
so early in fall near the Jake as it does farther inland. 
The nearness to Lake Michigan makes the soils in this 
county suitable for fruit trees and other special crops. 
Also, the longer growing season near Lake Michigan 
favors the growing of other crops. Corn grown for grain 
is more likely to mature before the first frost in fall. 

After snow melts in spring, most soils are near satura- 
tion, Subsequent rainfall often delays planting, especially 
on soils that are somewhat nosey drained or poorly 
drained and that, have inadequate artificial drainage. Late 
in spring and early in summer, rainfall on sloping culti- 
vated soils that are saturated or near saturation causes 
severe erosion unless the soils are well protected. 

In fall, moisture is generally favorable for preparation 
of the seedbed and germination of seeds. The coo] weather 
during the bloom stage promotes good yields of oats. This 
cool, moist growing season also favors hay and pasture, 
yields of which are commonly good if the soils are not too 
wet, sandy, or steep, and are well fertilized. For several 
days a year the wind is strong enough to cause soil blowing 
on mucky and sandy soils that are left unprotected. 


Physiography and Drainage 


The physiography of Muskegon County, for the most 
part, results from the Wisconsin, or latest, glacial period. 
The glacial ice that once covered the State melted about 8 
to 12 thousand years ago. As this ice melted, a covering 
of raw soil material was left on the surface of the county. 
This glacial deposit ranges from about 150 feet to more 
than 400 feet in thickness. 

The present surface of the county ranges from nearly 
level to rolling and hilly. Along the shore of Lake Michi- 
gan is a belt of strongly rolling sand dunes. These dunes 
are postglacial in origin but are now generally stationary. 
After vegetation covers these dunes, a soil profile begins 
to develop. For several miles inland, smaller dunes are 
scattered throughout the poorly drained areas of the lake 
plain. 
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TABLE 11.—Temperature and precipitation data at a < Muskegon County and at Grand Rapids in Kent County, 
‘ichigan 


Musxeaon, Musxecon County 


Two years in 10 will have One year in 10 Average 

at least 4 days with— will have— depth of 

Month Average Average Average snow on 

daily daily Maximum Minimum total days with 

‘maximum minimum temperature temperature Less More snow 
equal to or equal to or than— | than— cover 
higher than— lower than— 

°F. °F. Inches Inches Inches 
32. 3 19.7 42 2 2, 24 1.2 3. 4 
32, 6 18. 7 43 3 1. 78 .8 2.7 
40. 5 25. 2 58 10 2. 37 1.3 3.3 
54. 8 35. 6 73 24 3. 01 11 4,4 
66. 3 45. 3 80 34 2. 90 1,2 4.5 
77.7 55. 7 88 43 2. 70 11 4.3 
81.9 60. 6 89 49 2. 50 1.0 4.2 
August_..-.---- 80. 7 59. 8 89 47 2. 74 1.4 4,2 
September __-_-__- 72, 5 53. 4 85 37 3. 14 1.2 5.9 
October.___----- 61. 4 43. 6 75 30 2.51 5 5. 2 
November.--__.-- 46. 3 32, 9 61 20 3. 03 14 4.3 
December-_-_---- 36. 0 23. 8 49 8 2. 30 1.3 3.9 
Year._..----- 56. 9 39.70, Poise eee oe taal (eee sse owe le Be) Meera eee 


January-_-------- 31.5 17.3 .2 3.5 
February.._.--_- 32.4 16.6 .6 2.6 
March_....------ 40. 9 23.9 1 3.5 
April.._-__--__- 56. 2 35. 2 4 4.9 
AY steel sacin 68. 3 45.7 .3 5.1 
JUNE! 23 cowe ness 78.6 56. 2 Bat 5.5 
July___--------- 83. 6 60.1 .3 5.3 
August_.---_...- 82.1 58.9 1 4.4 
September__-___-_ 73.4 50. 9 -9 4.7 
October___/..___ 61.9 40.4 4 5.6 
November..___-- 45.8 30.5 .l 3.7 
aL ee 34.5 21.4 .2 3.0 
Ea cease 57.4 38.1 


1 Based on period 1931-60. 
2 Based on period 1940-64. 


A wide plain with little relief lies east of the dunes. 
Rolling to hilly areas are toward the eastern side of the 
county and in the extreme northwestern part. Parts of the 
central plain are somewhat broken by stream channels and 
lake basins. Most of the county ranges from 600 to about 
800 feet above sea level, but a small area in Casnovia Town- 
ship is more than 800 feet. 

he central plain of Muskegon County is a part of the 
bed of glacial Lake Chicago. The deposits in this lakebed 
are sandy, underlain by clayey deposits in many areas. 
Another broad, gently undulating lake plain is in the 
northeastern part of the county. This plain is mainly in 
Holton Township, but it extends into the western part of 
Newaygo County. The soil material of this lake plain is 
finer textured than that of the plain in the central part of 
the county. 

The principal morainic areas of the county are (1) most 
of Casnovia Township; (2) a smaller area north of the 
valley of the Muskegon River; and (3) an area that begins 
at a point north of Whitehall and extends for several miles 
south and east of that town. 


3 Less than 1 day. 
‘ Based on period 1921-64. 


The county is drained mainly by three major river sys- 
tems, but some areas are drained by streams that flow 
directly into Lake Michigan. The Muskegon River cuts 
the county into two parts and empties into Muskegon Lake, 
which is an inlet. from Lake Michigan. The main tributary 
within the county is Cedar Creek, which receives the drain- 
age waters from the northeast. White River drains the 
northwestern part of the county and empties into White 
Lake, another inlet on Lake Michigan. Directly south of 
Muskegon is another small inlet, Mona Lake, into which 
Little Black and Black Creeks empty water that drains 
from the west-central part of the county. Crockery Creek 
and Norris Creek, both tributaries of the Grand River, 
drain the southeastern and southern parts. 


Water Supply 


The abundant water in the numerous lakes and streams 
is one of the greatest assets in Muskegon County. The 
three major lakes, inlets from Lake Michigan, are Muske- 
gon Lake, Mona Lake, and White Lake. Muskegon Lake 
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TaBie 12.—Probabilities of last freezing temperatures in spring and first in fall at Muskegon in Muskegon County and at 
Grand Rapids in Kent County, Michigan 


Musxrcon, Muskreaon County! 


Probability 


Spring: | 
1 year in 10 later than____._______-..____________ 
2 years in 10 later than. _ 
5. years in 10 later than_- 


Fall: 
1 year in 10 earlier than_______...____1-_~_-_____- 
2 years in 10 earlier than 
5 years in 10 carlicr than 


March 31 
March 26 
March 16 


16° F. or 
lower 


November 22 
November 27 
December 8 


Dates for given probability and temperature 


20° F. or 24° F.or | 28° F. or 
lower 


lower lower 


April 7 April 22 May 5 May 18 
April 2 April 17 April 30 May 13 
March 23 April 7 April 20 May 3 
' November 12 | November 1 | October 15 October 3 
November 17 | November 6 | October 20 October 8 
| November 28 | November 17 | October 31 October 19 


Granp Rapips, Kenr County 2 


Spring: 
1 year in 10 later than___.-_..._.-_-_--_ eee 
2 years in 10 later than 
5 years in 10 later than 


Fall: 

1 year in 10 earlier than__..---2--_-_.--- 2 
2 years in 10 earlier than 
5 years in 10 earlier than 


April 4 
March 30 
March 20 


! Based on period 1931-60. 


provides an excellent supply of water for industrial uses, 
and Mona Lake and White Lake are important as resi- 
dential, tourist, and recreational areas. Muskegon Lake is 
also one of the major harbors of the St. Lawrence Seaway 
on Lake oe 7 

Many other Jakes, mostly north of the Muskegon River, 
provide areas for recreation, summer homes, youth camps, 
and other recreational facilities. An inventory taken in 
1962 lists 262 lakes and ponds in the county covering 
11,453 acres. 


Settlement and Population 


The area that is now Muskegon County was first. settled 
in 1834. The county was organized in 1859, and Muskegon 
was named the county seat. The construction of wagon 
roads and a rail line hastened the settlement of the county. 
Many of the settlers were of Dutch and Scandinavian ori- 
gin. By 1870, the population had grown to 14,894. The 
population continued to grow until 1890, but after 1890, it 
declined for a short period. 

In 1960, the population in the county was 149,943, of 
which 66 percent was urban, 31.7 percent was rural but 
nonfarm, and 2.3 percent was farm. About 80 percent of 
the urban population lives in the Muskegon metropolitan 
area. The population of the city of Muskegon was 46,485 
in 1960. 


Industry and Transportation 


Manufacturing is important and varied in Muskegon 
County. Products include automotive engines, parts, and 


November 12 
November 17 
November 28 


April 11 April 23 May 3 May 19 
April 6 April 18 April 28 May 14 
March 27 April 8 April 18 May 4 


November 7 | October 24 
November 12 | October 29 
November 23 | November 9 


October 7 
October 12 
October 23 


October 20 
October 25 
November 6 


2 Based on period 1921-64. 


equipment; foundry products; office furniture. and sup- 
plies; bowling, billiards, and store equipment; paper; ma- 
chinery; tools and dies; petroleum products; wire prod- 
ucts; and coil springs. Muskegon is the center of the tool, 
die, and pattern industry in the State. 

The port of Muskegon, on Muskegon Lake, is the gate- 
way of the western part of Michigan to the St. Lawrence 
Seaway and world trade. As such it is the greatest eco- 
nomic asset of Greater Muskegon. In 1962, the port of 
Muskegon received 81 foreign ships. These ships carried 
23,365 tons of imports and 35,691 tons of exports. Among 
the agricultural imports were agricultural machinery, 
cheese, cookies, preserved vegetables, sugar, and woodpulp. 
The serieulbural exports included agricultural machinery, 
cherries, fruit juices, onions, and wax beans. 

All major cities, towns, and villages except Ravenna are 
joined by major highways. These are Interstate Highway 
No. 96, U.S. Highway No. 31, and State routes 46, 37, 20, 
and 2138. The county is served by the Chesapeake and Ohio, 
Grand Trunk Western, and Pennsylvania Railroads, An 
airport in Muskegon County provides adequate commer- 
cial, industrial, and private air service for the area. 


Agriculture 


Agriculture was begun in Muskegon County in about 
1845 by the early lumberjacks. As the land was cleared, 
farms were established, but many of them were soon aban- 
doned because the soils were sandy. Growing food for 
home use was the main concern of the first farmers. Agri- 
culture was stimulated by the influx of settlers and by the 
building of roads and railroads. Farms increased in num- 
ber, and by 1870 there was a surplus of crops that could 
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be sold outside of the county. The number of farms in the 
county continued to increase and amounted to 1,821 in 1890 
and 2,373 in 1910. After 1910 the number of farms began 
to decrease. 

In 1959, 949 farms remained in the county, and their 
average size was 104.4 acres. These farms include 226 dairy 
farms; 61 livestock farms; 36 vegetable farms; 25 poultry 
farms; 16 general farms; and 5 field-crop farms. The re- 
maining were miscellaneous or unclassified farms. Full 
owners operated 79 percent of the farms; part owners, 17 
percent; managers, 0.2 percent; and tenants, 3.8 percent. 

Table 13 shows the acreage on farms of important crops 
grown in Muskegon County in 1954 and 1959 and the 
number of fruit trees. The number of livestock on farms in 
1954 and 1959 is given in table 14. 


Tas 13.—Acreage of the principal crops and number of 
fruit trees in 1954 and 1959 


Crops 


Corn: 
Grown for grain_.__.___.--------------- 


Grown for silage.___._...-------------- 2, 593 
Wheat. cicceccaccecsecoh sod deehocwes dole 4, 864 
Oats 22) Acanin tal uehigeereaetee eet he 4, 163 
Barley: 22s s2322taceuue cuss se ees seaeee 490 
Rye tose ae Geecs sen seuss el eer edo 572 
Buckwheat- ----.-  lseLeweaeeteeoceedes ene 30 
Soybeans... -cssecce cen cee dl esesieecdhd 34 
Field beans_....._..----------------------- 165 

ay: 

Alfalfa. ic .c.cisstac cette cee kcte wees 8, 678 

Timothy and clover.....---------------- 4, 654 

Other. eo2ees Stee eee 427 
Seed harvested: 

Alfalfa. 2 222cecebececbeeesi eee st 81 

Others occu ese ece sec eae ee 310 
Potatoes. 2 essosc couse sere secu eoceccu cee 15 
Vegetables____----------------------------- 2, 135 1, 845 
Strawberries__.-..-.----------------------- 87 81 
Raspberties....- 22sec ocecnsaseeseeeetec see lH 22 23 
Blueberries--.-.-..-_--..------------------ 282 400 
Mintssssoeceh ect een ccte i he ek eee 195 91 
QOnionss. 2252222 eu ee eee eto ts 87 159 
Nursery products.-.___.__-.---------------- 80 40 
Fruit trees of all ages: Number Number 


TaBLe 14.—Number of livestock on farms 


Livestock 


12, 618 


Milk cowsi 225.52 co0 sets eetewes 5, 662 4, 819 
Sheep and lambs._______-_-.--..---------- 160 202 
Hogs and pigs....___.....---------------- 3, 312 3, 349 
Chickens)! 00252 -2ccus le lee 108, 308 | 56, 812 


' 4 months old and older. 


Glossary 


Acidity. See Reaction. 

Alkalinity. See Reaction. 

Alluvium. Soil or rock material, such as gravel, sand, silt, or clay 
deposited on land by a stream. 

Available moisture capacity. The capacity of a soil to hold water 
in a form available to plants. Amount of moisture held in soil 
between field capacity, or about one-third atmosphere of ten- 
sion, and the wilting coefficient, or about 15 atmospheres of 
tension. 

Blowout, An excavation produced by wind action in loose soil, 
usually sand. 

Caleareous. Containing enough calcium carbonate to effervesce 
(fizz) when treated with dilute hydrochloric acid. 

Clay. As a soil separate, the mineral soil particles less than 0.002 
millimeter in diameter. As a soil textural class, soil material 
that is 40 percent or more clay, less than 45 percent sand, and 
less than 40 percent silt. See also Texture. 

Consistence, soil. The feel of the soil and the ease with which a 
lump can be crushed by the fingers. Terms commonly used to 
describe consistence are— 

Loose.—Noncoherent; will not hold together in a mass. 

Friable—When moist, crushes easily under gentle to moderate 
pressure between thumb and forefinger and can be pressed 
together into a lump. 

Firm—When moist, crushes under moderate pressure between 
thumb and forefinger, but resistance is distinctly noticeable. 

Plastic.—When wet, readily deformed by moderate pressure but 
can be pressed into a lump; will form a “wire” when rolled 
between thumb and forefinger. 

Sticky—When wet, adheres to other material; tends to stretch 
somewhat and pull apart, rather than pull free from other 
material. 

Hard.—When dry, moderately resistant to pressure, can be 
broken with difficulty between thumb and forefinger. 

Compact.—A combination of firm consistence and close packing 
or arrangement of soil particles. 

Soft.—When dry, breaks into powder or individual grains under 
very slight pressure. 

Depressional area. A low-lying area that lacks surface outlets for 
removal of water or has only poorly developed ones. 

Drainage, artificial. The removal of excess water on or within 
the soil by means of surface or subsurface drains. 

Drainage, natural. Soil drainage that existed during the develop- 
ment of the soil, as opposed to altered drainage, which is com- 
monly the result of artificial drainage or irrigation but may be 
caused by the sudden deepening of channels or the blocking of 
drainage outlets. 

Eolian soil material. Soil parent material accumulated through 
wind action; commonly refers to sandy material in dunes. 
Field moisture capacity. The moisture content of a soil, expressed 
as a percentage of the oven-dry weight, after the gravitational, 
or free, water has been allowed to drain away; the field mois- 
ture content 2 or 3 days after a soaking rain; also called 
normal field capacity, normal moisture capacity, or capillary 

capacity. 

Glacial outwash. Sandy and gravelly materials deposited in layers 
on plains or in old glacial drainageways by water from melting 
glaciers, 

Hardpan. A hardened or cemented soil horizon, or layer. This soil 
material may be sandy, or clayey, and it may be cemented by 
iron oxide, silica, calcium carbonate, or other substance. 

Horizon, soil. Layer or part of the soil profile, approximately 
parallel to the surface, that has distinct characteristics pro- 
duced by soil-forming processes. These are the major soil 
horizons: 

O horizon.—The layer of organic matter on the surface of a 
mineral soil. This layer consists of decaying plant residues. 

A horizon—The mineral horizon at the surface or just below 
an O horizon, This horizon is the mineral horizon in which 
living organisms are most active, and it is therefore marked 
by the accumulation of humus. The horizon may have lost 
one or more of soluble salts, clay, and sesquioxides (iron 
and aluminum oxides). 

B horizon—The mineral horizon below an A horizon. The B 
horizon is in part a layer of change from the overlying A 
to the underlying C horizon. The B horizon has (a) distinc- 
tive characteristics caused by accumulation of clay, sesqui- 
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oxides, humus, or some combination of these; (b) prismatic 
or blocky structure; and (c) redder or stronger colors than 
the A horizon; or (d) some combination of these character- 
istics. The combined A and B horizons are usually called the 
solum, or true soil. If a soil lacks a B horizon, the A horizon 
alone is the solum. 

O horizgon.—The weathered rock material immediately beneath 
the solum. This layer, commonly called the soil parent mate- 
rial, is presumed to be like that from which the overlying 
horizons were formed in most soils. If the underlying mate- 
rial is known to be different from that in the solum, a Roman 
numeral precedes the letter, C. 

R layer.—Consolidated rock beneath the soil. The rock usually 
underlies a C horizon but may be immediately beneath an 
A or B horizon. 

Mottled. Irregularly marked with spots of different colors that 
vary in number and size. Mottling in soils generally indicates 
poor aeration and lack of drainage. Descriptive terms are as 
follows: Abundance—Few, common, and many; size—jine, 
medium and coarse; contrast—faint, distinet, and prominent. 

Muck. Well-decomposed, organic soil material developed from peat. 
Muck generally has a higher mineral or ash content than peat 
and the original plant parts cannot be identified. See also Peat. 

Munsell notation. A system for designating color by degrees of the 
three simple variables—hnue, value, and chroma. For example, 
a notation of 10YR 3/2 is a color with a hue of 10¥YR, a value 
of 8, and a chroma of 2 (9). 

Organic, soil. A general term applied to a soil or to a soil horizon 
that consists primarily of organic matter, such as peat soils, 
muck soils, and peaty soil layers. In chemistry, organic refers 
to the compounds of carbon. 

Parent material (soil). The horizon of weathered rock or partly 
weathered soil material from which soil has formed; horizon 
C in the soil profile. 

Peat. Unconsolidated soil material, largely undecomposed organic 
matter, that has accumulated where there has been excess 
moisture. 

Percolation. The downward movement of water through the soil. 

pH. See Reaction. 

Profile, soil. A vertical section of the soil through all its horizons 
and extending into the parent material. See Horizon, soil. 
Reaction. The degree of acidity or alkalinity of a soil, expressed in 

words and in pH values, as follows : 


Extremely acid_----------------.~--.---- 
Very strongly acid 
Strongly acid__-_-___ 
Medium acid_------ 
Slightly acid_.-.------------------- 
Neutral 
Mildly alkaline_____ 
Moderately alkaline_ 
Strongly alkaline_-_-__-_~__- 
Very strongly alkaline 


Relief. Elevations and inequalities of the land surface, considered 
collectively. Relief in this survey refers to a particular area 
rather than separate slope. 

Sand. Individual fragments of rocks or minerals that range from 
0.05 millimeter (0.002 inch) to 2.0 millimeters (0,078 inch) in 
diameter. Most sand grains consist of quartz, but they may 
be of any mineral composition. The term also is applied to a 
soil that contains 85 percent or more sand and not more than 
10 percent clay. 

Silt. Individual mineral particles in a soil that range in diameter 
from the upper limit of clay (0.002 millimeter) to the lower 
limit of very fine sand (0.05 millimeter). A soil of the silt tex- 
tural class is 80 percent or more silt and less than 12 percent 
clay. 

Slope. The inclination of the land surface from the horizontal; 
percentage of slope is the vertical distance, divided by horizon- 
tal distance times 100. Thus a slope of 10 percent.is a drop of 10 
feet in 100 feet of horizontal distance. 

Soil. A natural, three-dimensional body on the earth’s surface that 
supports plants and that has properties resulting from the 
integrated effect of climate and living matter acting upon par- 
ent material, as conditioned by relief, over periods of time. 

Solum, soil. The upper part of a soil profile, above the parent 
material, in which the processes of soil formation are active. 
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Structure, soil. The arrangement of primary soil particles into 
compound particles or clusters that are separated from adjoin- 
ing aggregates and have properties unlike those of unaggre- 
gated primary soil particles. Structure is described by grade 
(weak, moderate, or strong), that is, the distinctness and 
durability of the aggregates; by the size of the aggregates 
(very fine, fine, medium, coarse, or very coarse) ; and by their 
shape (platy, prismatic, columnar, blocky, granular, or crumb). 
A soil is described as structureless if there are no observable 
aggregates. Structureless soil may be massive (coherent) or 
single grain (noncoherent). 

Subsidence. A settling or packing down of the soil material, as 
exemplified by muck that has been drained and cultivated 
many times, 

Substratum. Any layer lying beneath the solum, or true soil; the 
Cor BR horizon. 

Subsoil. Technically the B horizon; roughly, the part of the profile 
below plow depth. 

Surface soil. The soil ordinarily moved in tillage, or its equivalent 
in uncultivated soil, about 5 to 8 inches in thickness. The plow 
layer. 

Terrace, stream. An area that is fairly level and formerly was the 
flood plain of a stream but now lies above the present flood 
plain; the area is generally underlain by stratified stream 
sediments. 

Texture, soil. The relative proportion of sand, silt, and clay par- 
ticles in a soil, The basic textural classes, in order of increas- 
ing proportion of fine particles, are sand, loamy sand, sandy 
loam, loam, silt loam, silt, sandy clay loam, clay loam, silty 
clay loam, sandy clay, silty clay, and clay. The sand, loamy 
sand, and sandy loam classes may be further divided by spec- 
ifying “coarse,” “fine,” or “very fine.” 

Till plains, A level or undulating land surface covered by till, which 
is unstratified glacial drift consisting of clay, sand, gravel, 
and boulders intermingled. 

Weathering. The physical and chemical disintegration and decom- 
position of rocks and minerals. Soil is the result of weathering 
and other chemical, physical, and biological alterations that 
have changes in the upper part of the earth’s crust through 
various periods of time. 
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GUIDE TO, MAPPING UNITS 


{For a full description of a mapping unit,read both the description of the mapping unit and the description of 
the soil series to which it belongs. 


[See table 1, p. 6, for approximate acreage and proportionate extent of the soils and table 2, p. 45, for pre- 
dicted average yields, For information significant to woodlands, wildlife, engineering, and community devel- 
opments, see subsections beginning on pp. 46, 50, 53, and 78 respectively. 


[In material published by the Michigan Agricultural Experiment Station, the loamy substratum phase of Rubicon 
in mapping units RtB and RtC is shown as Melita; Chelsea in units CmB, CmC, CnD, CnE, and MhB is shown as 
Graycalm; unit Sa is shown as Gormer; and unit So is shown as Pinora] 


Woodland Wildlife Community 
suit- suit- develop- 
Capability unit and ability ability ment 
Described management group 1/ group group group 
Map on 
symbol Soil page Symbol Page Symbol Number Number 
AsB Au Gres-Saugatuck sands, 0 to 6 per- 
cent slopes------------------------ 7 IVw-2 (5b, 5b-h) 42 F 1 6 
BaB Belding and Allendale soils, 0 to 6 
percent slopes--------------------- 9 
Belding soil: -------------------- = Tiw-8 (3/2b) 40 G 3 5 
Allendale soil------------------- a Ivw-2 (4/1b) 42 G 3 5 
BbB Belding-Ubly sandy loams, 2 to 6 per- 
cent slopes------------------------ 9 
Belding soil--------------------- aie TIw-8 (3/2b) 40 G 3 5 
Ubly soil------------------------ =F IIe-3 (3/2a) 39 A 9 2 
BoB Blown-out land, 0 to 6 percent 
8 LOpeSe--n nn nn ene nn ee nn ---------- 10 VIIIs-1 (5a) 44 Y 4 3 
BoE Blown-out land, 6 to 50 percent 
slopes~---------~------------------- 10 VIIIs-1 (5a) 44 Y 4 3 
CmB Chelsea~Mancelona loamy sands, 2 to 6 
percent slopes-------------+-------- 11 
Chelsea soil--------------------- =F IVs-2 (5a) 43 E 7 3 
Mancelona soil------+-----++-+----- TS TiIs-4 (4a) 42 c 7 3 
CmC Chelsea-Mancelona loamy sands, 6 to 
12 percent slopes---~----------+--- 11 
Chelsea soil~--~----------------- -- VIs-1 (Sa) 44 E 7 3 
Mancelona soil------------------- -- IITe-9 (4a) 41 c 7 3 
cnD Chelsea and|Montcalm sands, 12 to 25 
percent slopes---+----------------- 12 
Chelsea soil-----~--------------- -- VIIs-1 (5a) 44 E 7 3 
Montcalm soil-------------------- -- VIIs-1 (4a) 44 c 7 3 
CnE Chelsea and Montcalm sands, 25 to 45 
percent slopes-------er---enen----- 12 
Chelsea soil--------------------- -- VIIs-1 (5a) 44 E 7 3 
Montcalm soil-------------------- = VIIs-1 (4a) 44 c 7 3 
CrB Croswell and Au Gres sands, 0 to 6 
percent slopes----~---------------- 13 
Croswell soil--------------+------ -- IVs-2 (5a) 43 E 1 3 
Au Gres soil--------------------- -- IVw-2 (5b) 42 F 1 6 
DpE Deer Park fine sand, 12 to 50 percent 
slopes-~---------~------------------ 13 VIIs-1 (5,3a) 44 H 4 3 
Ds Deford fine sand-----~--~---0-----+-- 14 TIIw-6 (4c) 41 W 5 8 
Du Dune land--~------------------------- 14 VIIIs-1 (Sa) 44 Y 4 3 
Ga Granby loamy sand-----------------«-- 15 IIIw-11 (5c) 4l Q 5 9 
Grc Grayling-Rubicon sands, 6 to 12 per- 
cent slopes-~~------~--------------- 16 VIIs-1 (5.7a, 44 H 8 3 
5,3a) 
GrD Grayling-Rubicon sands, 12 to 25 per- 
cent slopes------------------------ 16 VIIs-1 (5.7a, 44 H 8 3 
5.3a) 
GrE Grayling-Rubicon sands, 25 to 45 per- 
cent slopes-----------------------+ 16 VIIs-1 (5.7a, 44 H 8 3 
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Woodland Wildlife Community 


suit- suit- develop- 
Capability unit and ability ability ment 
Described management group 1/ group group group 
Map on 
symbol Soil page Symbol Number 
Hp Hettinger and Pickford soils--------- 17 
Hettinger soilenew-----ene nee nee -- IIw-2 (1.5c) 7 
Pickford soil-----+--- eee en een - -- TIIw-2 (1c) 7 
Ht Houghton peat and muck--------------- 17 IlIw-15 (Mc) 5 10 
KaB Kalkaska-Wallace sands, 2 to 6 per- 
cent slopes------------------------ 18 VIIs-1 (5a, Sa-h) 8 3 
KkA Kawkawlin loam, 0 to 2 percent 
Slopese-- once nee nnn er ene n nner eH 19 IIw-2 (1.5b) 3 4 
KkB Kawkawlin loam, 2 to 6 percent 
$ LOpeSwn- nnn nn ene nn enn enn e nn nne 19 TIw-3 |(1.5b) 3 4 
KsA Kawkawlin and Selkirk loams, 0 to 2 
percent slopes--------c5er creer enn- 19 
Kawkawlin soil------------------- -- TIw-2 (1.5b) 3 4 
Selkirk soil---+------------------- -- IIlIw-2 (1b) 3 4 
KsB Kawkawlin and Selkirk loams, 2 to 6 
percent slopes--------------------- 19 
Kawkawlin soil------------------- -- IIw-2 | (1.5b) 3 4 
Selkirk solleccennnenescerneccna- -- IlIw-2 (1b) 3 4 
KtE Kent silt loam, 25 to 45 percent 
8 lLopesere nnn een ener ere nn reese rcene 20 Vile-1 (1a) 9 1 
Ku Kerston muck------ccrc enn ecen nnn - 21 IIIw-12 (L-Mc) 5 10 
La Lake beaches-----------<------------- 21 VIIIs-1 (Sa) 4 3 
Ma Mar Shannen nnn ener ence n enn n enn en enced 22 VILIw-1 #(Sc) 5 10 
MeB Menominee and Ubly soils, 2 to 6 per- 
cent slopesS----s enn eee n ee ee nn eennn- 22 
Menominee soil-~-~---~---~--------- -- TIIs-4 (4/2a) 9 2 
Ubly soil------------------------ -- Ile-3 (3/2a) 9 2 
MeC Menominee and Ubly soils, 6 to 12 
percent SlopeS----crer errr rere nnn n= 23 
Menominee soil------------------- 7+ IIIe-9 (4/2a) 9 2 
Ubly soil------------------------ -- IIIe-9 (3/2a) 9 2 
MhB Montcalm and Chelsea soils, 2 to 6 
percent slopes-----r----------5---- 24 
Montcalm soils------------------- -- IIIs-4 (4a) 7 3 
Chelsea soil--------------------- -- IVs-2 (5a) 7 3 
NeB Nester loam, 2 to 6 percent slopes--- 24 IIe-1 (1.5a) 9 1 
Nec Nester loam, 6 to 12 percent slopes-- 24 IIle-4 (1.5a) 9 1 
Nxc Nester sandy loam, 6 to 12 percent 
8 Lopes- nnn nn en ener ene een nnenn- 25 IIte-4 (1.5a) 9 1 
NsD Nester soils, 12 to 25 percent 
slopes~~--------~----~--------------- 25 Vie-1 (1.5a) 9 1 
NsD3 Nester soils, 12 to 25 percent 
slopes, severely eroded------------ 26 ViIe-1 (1.5a) 9. 1 
NsE Nester soils, 25 to 45 percent 
Slopes soccer ne nse nner eee e eee eee 26 Vile-1 (1.5a) 9 1 
NsE3 Nester soils, 25 to 45 percent 
slopes, severely eroded------------ 26 Vile-1 (1.5a) 9 1 
NtB Nester-Kawkawlin Loams, 2 to 6 per- 
cent slopes----+------------------- 26 
Nester soil---------------------- =e IIe-1 (1.5a) 9 1 
Kawkawlin soil------------------- -- IIw-2 (1.5b) 3 4 
NuB Nester-Ubly sandy loams, 2 to 6 per- 
cent slopess--nccrnn ec ee nee neenenne 26 
Nester soil---------------------- =< IIe-1 (1.5a) 9 1 
Ubly soile-----+-+----- 2-2 ------ =o IIe-3 (3/2a) 9 2 
OgB Ogemaw loamy sand, 0 to 6 percent 
8 Lopes~--- eee nnn nena nn enn nee n en ne 27 IVw-2 (5b-h) 1 5 


GUIDE TO MAPPING UNITS..Continued 


Woodland Wildlife Community 


suit- suit- develop- 
Capability unit and ability ability ment 
Described management group 1/ group group group 
Map on 
symbol Soil page Symbol Page Number 
Ra Roscommon and Au Gres sands-~--------- 28 
Roscommon soil-------~--<-------- -- IIIw-11 (5c) 9 
Au Gres soil--------------------- -- IVw-2 (5b) 6 
RoB Rousseau fine sand, 0 to 6 percent 
s lopes--------------- 2-0 ----- cosane 29 IIIs-4 (4a) 3 
RsB Rubicon sand, 0 to 6 percent slopes-- 30 VIIs-1 (5.3a) 44 3 
RsD Rubicon sand, 6 to 25 percent slopes- 30 VIIs-1 (5.3a) 3 
RtB Rubicon loamy substratum and Montcalm 
soils, 0 to 6 percent slopes------- 30 
Rubicon soil~---------~---------~- -- VIs-1 (5/2a) 3 
Montealm soil---------++---------- -- IIIs-4 (4a) 3 
Rtc Rubicon loamy substratum and Montcalm 
soils, 6 to 12 percent slopes------ 31 
Rubicon soil--------------------- -- VIs-1 (5/2a) 3 
Montcalm soil--------------~------ -- IIlTe-9 (4a) 41 3 
Sa Saranac Loam--------+-----------+----- 31 IIIw-12 (L-2c) 41 7 
Sm Sims loam--------------- 2-07 -----+-- 33 TIiw-2 (1.5c) 39 7 
So Sloan soils--~--------------~---------- 34 Iliw-12 (L-2c) 41 8 
Sp Sparta sand, 0 to 2 percent slopes--- 34 IVs-2 (5a) 3 
Te Tawas and Carlisle mucks--~~~--------- 35 
Tawas soil--------------+--------- -- IVw-5 (M/4c) 10 
Carlisle soile------------------- -- IiIw-15 (Mc) 10 
Td Tonkey and Deford soils-------------- 36 
Tonkey soil---------------------- -- IIw-6 (3c) 8 
Deford soil----~-----------+------ -- IIIw-6 (4c) 41 8 
Wa Warners muck----<++--------2---+------ 38 IVw-5 (M/Mc) 43 10 
We Wind eroded land, sloping---~-------- 38 VIs-1 (Sa) 44 3 


1/ 
The symbol in parentheses are management groups of soils in a statewide system. 
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Accessibility Statement 


This document is not accessible by screen-reader software. The Natural Resources 
Conservation Service (NRCS) is committed to making its information accessible to all 
of its customers and employees. If you are experiencing accessibility issues and need 
assistance, please contact our Helpdesk by phone at (800) 457-3642 or by e-mail at 
ServiceDesk-F TC @ftc.usda.gov. For assistance with publications that include maps, 
graphs, or similar forms of information, you may also wish to contact our State or local 
office. You can locate the correct office and phone number at http://offices.sc.egov. 
usda.gov/locator/app. 


Nondiscrimination Policy 


The U.S. Department of Agriculture (USDA) prohibits discrimination against its 
customers, employees, and applicants for employment on the basis of race, color, 
national origin, age, disability, sex, gender identity, religion, reprisal, and where 
applicable, political beliefs, marital status, familial or parental status, sexual orientation, 
whether all or part of an individual’s income is derived from any public assistance 
program, or protected genetic information. The Department prohibits discrimination in 
employment or in any program or activity conducted or funded by the Department. (Not 
all prohibited bases apply to all programs and/or employment activities. ) 


To File an Employment Complaint 


If you wish to file an employment complaint, you must contact your agency’s EEO 
Counselor (http://directives.sc.egov.usda.gov/33081.wba) within 45 days of the date of 
the alleged discriminatory act, event, or personnel action. Additional information can be 
found online at http:/Awww.ascr.usda.gov/complaint_filing_file.html. 


To File a Program Complaint 


If you wish to file a Civil Rights program complaint of discrimination, complete the 
USDA Program Discrimination Complaint Form, found online at http://www.ascr.usda. 
gov/complaint_filing_cust.html or at any USDA office, or call (866) 632-9992 to request 
the form. You may also write a letter containing all of the information requested in 
the form. Send your completed complaint form or letter by mail to U.S. Department 
of Agriculture; Director, Office of Adjudication; 1400 Independence Avenue, S.W.; 
Washington, D.C. 20250-9419; by fax to (202) 690-7442; or by email to program. 
intake@usda.gov. 


Persons with Disabilities 


If you are deaf, are hard of hearing, or have speech disabilities and you wish to file 
either an EEO or program complaint, please contact USDA through the Federal Relay 
Service at (800) 877-8339 or (800) 845-6136 (in Spanish). 

If you have other disabilities and wish to file a program complaint, please see the 
contact information above. If you require alternative means of communication for 
program information (e.g., Braille, large print, audiotape, etc.), please contact USDA's 
TARGET Center at (202) 720-2600 (voice and TDD). 


Supplemental Nutrition Assistance Program 


For additional information dealing with Supplemental Nutrition Assistance Program 
(SNAP) issues, call either the USDA SNAP Hotline Number at (800) 221-5689, which 
is also in Spanish, or the State Information/Hotline Numbers (http://directives.sc.egov. 


usda.gov/33085.wba). 


All Other Inquires 
For information not pertaining to civil rights, please refer to the listing of the USDA 
Agencies and Offices (http://directives.sc.egov.usda.gov/33086.wba). 


SOIL ASSOCIATIONS 


Rubicon-Croswell-Deer Park association: Nearly level 


to steep, well drained and moderately well drained, sandy 


soils on outwash plains, beach ridges, and dunes 


Rubicon-Au Gres-Roscommon association: Gently sloping, 
KY well-drained and poorly drained, sandy soils on outwash 
plains and uplands 


Au Gres-Roscommon-Granby association: Nearly level and 


slightly depressional, poorly drained, sandy soils on 


outwash plains, uplands, and lake plains 


SSS ah 


Eee 


Nester-Ubly-Sims association: Gently sloping to hilly, 
[aq well drained, moderately well drained, and poorly drained, 
loamy soils on lake plains and uplands 


( 


Belding-Allendale-Rubicon loamy substratum-Montcalm 


=] association: Nearly level and gently sloping, poorly 
drained and well-drained, loamy and sandy soils on lake plains 


Hi 


Montcalm-Nester-Belding-Kawkawlin association: Gently sloping 
fe] to rolling, somewhat poorly drained and well-drained, sandy 

and loamy soils on lake plains, outwash plains, and glaciated 

uplands 


Carlisle-Tawas association: Nearly level and depressional, 
poorly drained peats and mucks 
Selkirk-Kent-Kawkawlin association: Nearly level and gently 
sloping, poorly drained, moderately well drained, and well 
drained, loamy soils on lake plains 
August 1967 
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MICHIGAN AGRICULTURAL EXPERIMENT STATION 


GENERAL SOIL MAP 
MUSKEGON COUNTY, MICHIGAN 
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U. S. DEPARTMENT OF AGRICULTURE 


SOIL CONSERVATION SERVICE 


SOIL LEGEND 


The first capital letter is the initial one of the soil name. A second capital 
letter, A, B, C, D, or E, shows the slope. Most symbols without a slope 
letter are those of nearly level soils or land types, but some are for land 
types that have a considerable range in slope. A final number, 3, in the 
symbol shows that the soil is severely eroded. 


SYMBOL NAME 


Au Gres—Saugatuck sands, 0 to 6 percent slopes 


Belding and Allendale soils, 0 to 6 percent slopes 
Belding—Ubly sandy loams, 2 to 6 percent slopes 
Blown-out land, 0 to 6 percent slopes 

Blown-out land, 6 to 50 percent slopes 


Chelsea—Mancelona loamy sands, 2 to 6 percent slopes 
Chelsea—Mancelona loamy sands, 6 to 12 percent slopes 
Chelsea and Montcalm sands, 12 to 25 percent slopes 
Chelsea and Montcalm sands, 25 to 45 percent slopes 
Croswell and Au Gres sands, 0 to 6 percent slopes 


Deer Park fine sand, 12 to 50 percent slopes 
Deford fine sand 
Dune land 


Granby loamy sand 

Grayling—Rubicon sands, 6 to 12 percent slopes 

Grayling—Rubicon sands, 12 to 25 percent slopes 
Grayling—Rubicon sands, 25 to 45 percent slopes 


Hettinger and Pickford soils 
Houghton peat and muck 


Kalkaska—Wallace sands, 2 to 6 percent slopes 
Kawkawlin loam, 0 to 2 percent slopes 

Kawkawlin loam, 2 to 6 percent slopes 

Kawkawlin and Selkirk loams, 0 to 2 percent slopes 
Kawkawlin and Selkirk loams, 2 to 6 percent slopes 
Kent silt loam, 25 to 45 percent slopes 

Kerston muck 


Lake beaches 


Marsh 

Menominee and Ubly soils, 2 to 6 percent slopes 
Menominee and Ubly soils, 6 to 12 percent slopes 
Montcalm and Chelsea soils, 2 to 6 percent slopes 


Nester loam, 2 to 6 percent slopes 

Nester loam, 6 to 12 percent slopes 

Nester sandy loam, 6 to 12 percent slopes 

Nester soils, 12 to 25 percent slopes 

Nester soils, 12 to 25 percent slopes, severely eroded 
Nester soils, 25 to 45 percent slopes 

Nester soils, 25 to 45 percent slopes, severely eroded 
Nester—Kawkawlin loams, 2 to 6 percent slopes 
Nester—Ubly sandy loams, 2 to 6 percent slopes 


Ogemaw loamy sand, 0 to 6 percent slopes 


Roscommon and Au Gres sands 

Rousseau fine sand, 0 to 6 percent slopes 

Rubicon sand, 0 to 6 percent slopes 

Rubicon sand, 6 to 25 percent slopes 

Rubicon loamy substratum and Montcalm soils, 0 to 6 percent slopes 
Rubicon loamy substratum and Montcalm soils, 6 to 12 percent slopes 


Saranac loam 

Sims loam 

Sloan soils 

Sparta sand, 0 to 2 percent slopes 


Tawas and Carlisle mucks 
Tonkey and Deford soils 


Warners muck 
Wind eroded land, sloping 


MUSKEGON COUNTY, MICHIGAN 


WORKS AND STRUCTURES 


Highways and roads 


Good motor 
Poor motor 
Trail 

Highway markers 
National Interstate 
State or county 


Railroads 
Single track 
Multiple track 
Abandoned 
Bridges and crossings 
Road 
Trail, foot 
Railroad 
Ferry 
Ford 
Grade 
R. R. over 
R. R. under 
Tunnel 
Buildings 
School 
Church 
Station, forest fire or lookout 
Mines and Quarries 
Mine dump 
Pits, gravel or other 
Power line 
Pipeline 
Cemetery 


Dams 


Well, oil or gas 


CONVENTIONAL SIGNS 
BOUNDARIES 


National or state 

County 

Minor civil division 

Land division corners 
Reservation 

Land grant 

Small park, cemetery, airport 


DRAINAGE 


Streams, double-line 


Streams, single-line 
Perennial 
Intermittent 


Crossable with tillage 
implements ........ eesesmeamnnt - 


Not crossable with tillage 
implements 


Unclassified ..... Navona eaverene 


Canals and ditches 
Lakes and ponds 


Perennial 


Intermittent 


Wells, water rere an flowing 


Spring ... 2 q 


Marsh or swamp 


Wet spot 


Alluvial fan 


Drainage end 


RELIEF 


Escarpments 
Bedrock 
Other 


Prominent peak 


Depressions, unclassified 
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PAM Wer ereeryereyyey 


MICHIGAN AGRICULTURAL EXPERIMENT STATION 


SOIL SURVEY DATA 


Soil boundary 

and symbol 
Gravel 
Stony, very stony . 
Rock outcrops 
Chert fragments 
Clay spot 
Sand spot 
Gumbo or scabby spot 
Made land 
Severely eroded spot 


Blowout, wind erosion ........ 


Soil map constructed 1966 by Cartographic Division, 
Soil Conservation Service, USDA, from 1962 aerial 
photographs, Controlled mosaic based on Michigan 
plane coordinate system, central zone, transverse 
Mercator projection, 1927 North American datum. 


This map is one of a set compiled in 1967 as part of a soil survey by the Soil Conservation Service, United States Department of Agriculture and the Michigan Agricultural Experiment Station. 


Range, township, and section corners shown on this map are indefinite. 
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This map is one of a set compiled in 1967 as part of a soil survey by the Soil Conservation Service, United States Department of Agriculture and the Michigan Agricultural Experiment Station. 
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